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All values shown in this catalogue are subject to change for prod- 
uct improvement. 

The information, diagrams and all other data included herein 
are believed to be correct and reliable. However, no responsibil- 
ity is assumed by Mitsubishi Electric Corporation for their use, nor 
for any infringements of patents or other rights belonging to third 
parties which may result from their use. 
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MSeries MELPS 740 single-chip microcomputers 













Supply 
voltage 


(V) 


M50708-XXXSP/FP x ait asia ROM, 128-Byte RAM, C. Si 5+10% 









Type Circuit function and organization Structure 


M50740ASP x| External ROM Type, 96-Byte RAM C, Si | 5+10% 


5+10% 
5+10% 


M50741-XXXSP/FP | 4K-Byte Mask-Prog ROM, 96-Byte RAM 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
Serial I/O 


M50743-XXXSP/FP x| 4K-Byte Mask-Prog ROM, 128-Byte RAM 5+10% 











M50742-XXXSP/FP 


M50745-XXXSP/FP =| 6K-Byte Mask-Prog. ROM, 192-Byte RAM C,Si |5410% 
M50746-XXXSP/FP x ; 











P 
M50747-XXXSP/FP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM 
M50747H-XXXSP/FP | 8K-Byte Mask-Prog ROM, 256-Byte RAM 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
MOUSE ROE High Voltage Port, CR Oscillation Type 


C, Si 


C,Si | 5+10% 





6K-Byte Mask-Prog ROM, 96-Byte RAM +109 
M50753-XXXSP/FP 8-Bit A-D Converter C,S1 | 5+10% 


6K-Byte Mask-Prog ROM, 160-Byte RAM, 
MS0754-XXXSP/FP/GP_ | bw, High Voltage Port, Serial 1/0 
3K-Byte Mask-Prog. ROM, 96-Byte RAM, +109 
Ma07O TARAS High Voltage Port, CR Oscillation Type 5£10% 
_| 3K-Byte Mask-Prog. ROM, 96-Byte RAM, 7 +109 
MSOZRE"AROP High Voltage Port, Ceramic Oscillation Type 510% 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M50980-XXXFP LCD Controller/Driver, Serial I/O 


. 4K-Byte Mask-Prog ROM, 512-Byte RAM, +109 
M5093 1 -XXXFP LCD Controller/Driver, Serial 1/O S S£10% 
8K-Byte Mask-Prog ROM, 512-Byte RAM, +109 
M50932-XXXFP LCD Controller/Driver, Serial |/O C 5£10% 





, oi 

, oi 

6K-Byte Mask-Prog. ROM, 192-Byte RAM, : ms 

M50933-XXXF'P LCD Controller/Driver, Serial 1/O C, Si /3.8~5.5) 15 
8K-Byte Mask-Prog ROM, 256-Byte RAM, ‘ Tar 

MS50934-XXXFP LCD Controller/Driver, Serial |/O C, Si |3.8~5.5) 15 | 1. 


4K-Byte Mask-Prog ROM, 128-Byte RAM, 






























Electrical characteristics 


15 


+ 2 
M50740A-XXXSP/FP | 3K-Byte Mask-Prog ROM, 96-Byte RAM C, si | 5+10% 52P4B/50P6 | Note1 


15 


30 


M50744-XXXSP/FP =] 4K-Byte Mask-Prog ROM, 144-Byte RAM C,Si |5+10%} 15 


C, Si | 5+10% | 30 1 


1S 
5 
0 


1 
2 





15 





15 








M50940-XXXSP/FP | 8-Bit A-D Converter, High Voltage Port, Cc, Si 
Serial !/O 
8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
M50941-XXXSP/FP | 8-Bit A-D Converter, High Voltage Port, C, Si | 510% 
Serial 1/O 
8K-Byte Mask-Prog ROM, 192-Byte RAM, 
M50943-XXXSP/FP | ¢ Bit A-D Converter, Serial I/O e072 
12K-Byte Mask-Prog. ROM, 192-Byte RAM, fe 
M50944-XXXSP/FP | 2 Bit A-D Converter, Two Serial I/Os 3~5.5 
16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50945-XXXSP/FP | 8-Bit A-D Converter, High Voltage Port, C,Si |5+10% 
Serial |/O | 
‘i 6K-Byte Mask-Prog ROM, 144-Byte RAM, +102 
MeO nv OOS, High Voltage Port, Two Serial !/Os 5£10% 
4K-Byte Mask-Prog ROM, 144-Byte RAM, +109 
M50951-XXXSP | High Voltage Port, Two Serial I/Os G, Si | 5£10% 
8K-Byte Mask-Prog ROM, 192-Byte RAM, : es 
MO0SS4-XXXSP/FP/GP | pwM, High Voltage Port, Serial 1/O satan: 
10K-Byte Mask-Prog. ROM, 192-Byte RAM, . ae 
M50955-XXXSP/FP/GP | Bw, High Voltage Port, Serial I/O C, Si | 4~5.5 


* : New product ** : Under development 


4 


b 


BN 





—_— 


15 2 


6K-Byte Mask-Prog. ROM, 144-Byte RAM C,Si |5+10%} 15 


2 








time |quency 
(us) |(MHz) 


Package Page 


64P4B/72P6 | Note1 


52P4B/50P6 | Note1 
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64P4B/72P6 


0.67| 12 | 64P4B/72P6 


2 4 


64P4B/72P6/ 
64P6W 








15 2 4 52P4B Note1 
5+10% | 15 | 1.86 : 
15 11.86] 4.3 








1 8 
1.91 | 4.19 
2 | 4 








1.90] 4.2 





Note2 


4 64P4B/72P6 
Note2 
2 4 64P4B/72P6 





64P4B/72P6/ 
64P6W 


Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS si 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 


edition>” 


3 : Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol. 2.” 
x ! The production of this product is no longer planned due to announcement of new series or upgrades. 








ae SR 


wet 
| 
a) 


MITSUBISHI MICROCOMPUTERS 


INDEX BY FUNCTION 





MiSeries MELPS 740 single-chip microcomputers (continued) 


Circuit function and organization Structure 


10K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50957-XXXSP/FP | PWM, High Voltage Port, 4-Bit Comparator, C, Si 
Serial I/O 
12K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50958-XXXSP/FP_ | PWM, High Voltage Port, 4-Bit Comparator, 
*| Serial I/O 
















(V) 
4~5.5 





























,Sit |5410% 


: 16K-Byte Mask-Prog ROM, 320-Byte RAM, 
M37100M8-XXXSP/FP Two Serial |/Os, A-D Converter, OSD Function 
16K-Byte Mask-Prog. ROM, 320-Byte RAM, 
M37102M8-XXXSP/FP Two Serial |/Os, A-D Converter, PWM, OSD Function 
M37103M4-XXXSP * 8K-Byte Mask-Prog ROM, 320-Byte RAM, 


Serial 1/6, A-D Converter, PWM, OSD Function 
12K-Byte Mask-Prog. ROM, 256-Byte RAM, 


5+10% 








C,Si | 5+10% 








Electrical characteristics 


4~5.5 | 20 | 1.90 64P4B/72P6 
16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50959-XXXSP/FP *| PWM, High Voltage Port, 4-Bit Comparator C, Si 4~5.5 20 | 1.90) 4.2 | 64P4B/72P6 
Serial I/O 
10K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50963-XXXSP/FP x/ 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C,Si |5+10%} 15 2 
Serial 1/O 
6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50964-XXXSP/FP xj 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C,S: | 5410%| 15 2 4 
Serial 1/O 
External ROM, RAM Type, 5-Timer, 8-Bit A-D : +106 
M50734SP/FP Converter, Serial 1/0 4 C, Si |5410% | 30 1 64P4B/72P6 
External ROM, RAM Type, 5-Timer, 8-Bit A-D : es 
M50734SP/FP-10 Converter, Serial I/O C, Si | 510% 35 | 0.8] 10 | 






Package 










64P4B/72P6 


ii 













Note1 


64P4B/72P6 


64P4B/72P6 





64P4B/72P6 











M37120M6-XXXFP * Serial |/O, A-D Converter, D-A Converter, OSD Function C, Si | 510% 4 80P6N 
2-~~-50 










12K-Byte Mask-Prog ROM, 256-Byte RAM, 
Serial I/O, A-D Converter, PWM, OSD Function, 
Four Timers 


32K-Byte Mask-Prog. ROM, 512-Byte RAM, 
Serial 1/O, A-D Converter, D-A Converter, PWM, 
OSD Function, Four Timers 


M37204M8-XXXSP ** 
24K-Byte Mask-Prog ROM, 384-Byte RAM, 
Serial 1/0, A-D Converter, PWM, OSD Function, 


M37250M6-XXXSP * 
PLL Function, Four Timers 
24K-Byte Mask-Prog ROM, 320-Byte RAM, 
M37260M6-XXXSP **/) 5 vie Serial I/O, OSD Function, Four Timers 
4K-Byte Mask-Prog ROM, 128-Byte RAM, 
M37408M2-XXXSP/FP **} Dual-Port RAM, UART, Bus Interface, C, Si 5+10% 
Timer 
4K-Byte Mask-Prog ROM, 128-Byte RAM, ; +109 
M37409M2-XXXSP/FP | Dyal-Port RAM, Three UARTs, Bus Interface, Timer C, Si | 510% 


M37410M3HXXXFP 6K-Byte Mask-Prog. ROM, 192-Byte RAM, 


Serial I/O, A-D Converter, LCD Controller/Driver 
M37410M4HXXXFP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM 
M37410M6HXXXFP 


12K-Byte Mask-Prog ROM, 256-Byte RAM 
M37412M4-XXXFP 


8K-Byte Mask-Prog ROM, 160-Byte RAM,Serial 
| M37413M4HXXXFP 






M37202M3-XXXSP ** 












































NO 











1/O, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 
Serial |/O, A-D Converter 


12K-Byte Mask-Prog. ROM, 
M37413M6HXXXFP ** 256-Byte RAM 


10K-Byte Mask-Prog ROM, 160-Byte RAM, Serial 
M37414MS5-XXXFP * I/O, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter C, Si 

8K-Byte Mask-Prog ROM, 512-Byte RAM, ; — 
M37415M4-XXXFP Serial 1/0, LCD Controller/Driver, DTMF Generator C, Si [2.5 3. 5 


* >: New product *x* > Under development 





























5+10% 4 72P6 3—137 


) 24K-Byte Mask-Prog ROM, 384-Byte RAM ; 
M37201M6-XXXSP *| +6 Serial I/Os, A-D Converter, PWM, OSD Function C, Si )5=10% | 110) 1 4 | 64P4B —5 
5+10%1110/ 1 4 | 64P4B 2—147 
5+10%| 110] 1 4 | 64P4B 2—195 





50 | 0.8 42P4B/44P6N | 3—47 
50 | 0.8 52P4B/56P6N | 3—73 











20 | 2.5 | 3.2 | 80P6 3—230 


Note’ : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>” 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 


edition>” 


3: Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol 2.” 
x > The production of this product is no longer planned due to announcement of new series or upgrades. 
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MSeries MELPS 740 single-chip microcomputers (continued) 


Electrical characteristics 
Circuit function and organization Structure Package 


Se ee 
| 12K-Byte Mask-Prog. ROM, 256-ByteRAM ——s—=_—s|_-C, Si [5+10%| 30 | 1 | 8 |S52P4B | 


16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M37524M4-XXXSP **| PWM, Serial I/O, 8-Bit A-D Converter, 5-Bit i 5+10% 
D-A Converter, Timer 


30 | 1 
M37428M4-XXXFP #&| 8K-Byte Mask-Prog. ROM, 384-Byte RAM, C,si |5+10%| 15 | 1 
01/170: 


3—323 


o 


4P4B 


64P4B 


fe) 


UART, LCD Controller/Driver, Timer OPEN 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M37450M2-XXXSP/FP | 8-Bit A-D Converter, 8-Bit D-A Converter, UART, i |} 54+10%/| 3 0.8 








64P4B/80P6 
DBB, Three Timers, PWM 


M37450M4-XXXSP/FP C, Si_|5+10% | 30 | 0.8 | 
M37450M8-XXXSP/FP 30 | 0.8 | 
M37450S1SP/FP 30_| 0.8 | 64P4B/80P6 
M37450S2SP/FP __| External ROM, 256-Byte RAM | C, Si | 5+10%]| 30 | 0.8 | 64P4B/80P6 
M37450S4SP/FP__| External ROM, 384-Byte RAM | C, si |5+10% | 30 | 0.8 | 10 | 64P4B/80P6 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 64P4B/ 
M37451M4-XXXSP/FP/GP %*| 8-Bit A-D Converter, 8-Bit D-A Converter, UART, C, Si |5+10% 80P6N/80P6S 
DBB, Three Timers, PWM ° 


} : } ; 64P4B/ 
M37451M8-XXXSP/FP/GP | 16K-Byte Mask-Prog. ROM, 384-Byte RAM C, si | 5+10% | 40 |0.64/12.5 Bab eN cones 
M37451MC-XXXSP/FP/GP | 24K-Byte Mask-Prog. ROM, 512-Byte RAM C,si |5+10%! 40 12,5 | C4P4B/ 
9g. a "2 | 80P6N/80P6S 
M37451SSP/FP/GP *x| External ROM, 1024-Byte RAM C 5+10% 12,5 | C4P4B/ Note3 
= -> | sop6N/80P6S 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, oe 
M37470M2-XXXSP_ * Serial 1/0, A-D Converter C, Si {2.7 5.5] 17.5 | 1 pa 32P4B 


Note3 
64P4B/80P6 


64P4B/80P6 


Note3 


Poe] 
| 10 | 
| 10 
eA 


12.5 


M37470M4-XXXSP_  * 
M37470M8-XXXSP_ * 32P4B 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M37471M2-XXXSP/FP * Serial I/O, A-D Converter 42P4B/56P6N 


Notes 
M37471M4-XXXSP/FP %*/| 8K-Byte Mask-Prog. ROM, 192-Byte RAM i 42P4B/56P6N 
M37471M8-XXXSP/FP %*| 16K-Byte Mask-Prog. ROM, 384-Byte RAM 42P4B/56P6N 
* : New product ** : Under development 


Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS” 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition>” 
3 : Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol. 2.” 
* > The production of this product is no longer planned due to announcement of new series or upgrades. 
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MIExtended operating temperature version of microcomputers 








Circuit function and organization 


4K-Byte Mask-Prog. ROM,144-Byte RAM, 
x] Extended Operating Temperature Version of 
M50744-XXXSP 


8K-Byte Mask-Prog ROM,256-Byte RAM, 
Extended Operating Temperature Version of 
M50747-XXXSP 


6K-Byte Mask-Prog. ROM,96-Byte RAM, 
Extended Operating Temperature Version of 
M50753-XXXSP 


4K-Byte Mask-Prog ROM,128-Byte RAM, 
Extended Operating Temperature Version of 
M50930-XXXFP 


8K-Byte Mask-Prog ROM, 256-Byte RAM, 
Extended Operating Temperature Version of 
M37450M4-XXXSP 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M37451M4DXXXSP/FP **| Extended Operating Temperature 
Version of M37451M4-XXXSP/FP 


16K-Byte Mask-Prog ROM, 384-Byte RAM, 
Extended ‘Operating Temperature 
Version of M37451M8-XXXSP/FP 





M50744T-XXXSP 


M50747T-XXXSP 


M50753T-XXXSP 








M50930T-XXXFP Cc, Si 


M37450M4TXXXSP/J C, Si 





Cc, Si 


M37451M8DXXXSP/FP #&* , SI 





MiPiggyback type microcomputers (EPROM mounted type) 


Type Circuit function and organization Structure 












Piggyback for M50740/M50741 C, Si 





dissipation) time 


Electrical characteristics 


Min Max 
cycle | fre- 
quency 
(MHz) 


Package 


(us) 


2 4 


1 8 64P4B Note1 


64P4B Note1 











Note1 





20 | 1.86 | 4.3 | 80P6 
30: |. -0, 10 


64P4B/84P0 | Notes 


64P4B/80P6N | Notes 
64P4B/80P6N 





6 
8 
40 64 


0. 12.5 


12.5 


Note3 











M50740-PGYS 
M50742-PGYS 


M50743-PGYS _— 


Piggyback for M50742/M50708 
Piggyback for M50743 
| M50745-PGYS Piggyback for M50745 
M50752-PGYS Piggyback for M50757/M50752 


M50957-PGYS Piggyback for M50957/M50958/M50959 


M37409PSS *| Piggyback for M37409M2-XXXSP 

M37415PFS Piggyback for M37415M4-XXXFP 
Merab1Pcootee, | Piggyback for M37421M6-XXXSP 5+5% 
M37450PSS Piggyback for M37450M2/M4/M8-XXXSP C,Ssi | 5+5% 
* : New product ** : Under development 


Note : 
2: 






C, Si 
C, Si 
C, Si 
C, Si 
C, Si 
Cc, SI 
C, Si 
Cc, Si 
Cc, Si 
Cc, St 






C, Si 
C,Si | 545% 
C, Si |3.0~5.5 



























C, Si 












edition” 


3 
rca 


: Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTER®S> vol 
The production of this product is no longer planned due to announcement of new series or upgrades 
















r= 2 [4 [east | Notes | 
c= [oe | io [sesim [3-307 


c2)eem [aes 







3—410 


3 
= "[os [10 [eosem | Notes 








Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>” 
Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 


Pa 





MITSUBISHI MICROCOMPUTERS 


INDEX BY FUNCTION 





WBuilt-in PROM type microcomputers 


Electrical characte 


ristics 
Max 



















Structure 


One Time Programmable Version of M50746-XXXSP/FP C, Si 64P4B/72P6 
PROM Version of M50746-XXXSP/FP C, Si 2 | 4 | 64S1B/72S6 | Notet 
One Time Programmable Version of M50747-XXXSP/FP C, Si 8 Note1 
csi | s5% | 30) 1 | 8 | e4ste/7as6 
One Time Programmable Version of M50944-XXXSP/FP C, Si 4.2 | 64P4B/64P6S 
PROM Version of M50944-XXXSP C, Si 4.2 
One Time Programmable Version of M50957-XXXSP C, Si 
M50957ES PROM Version of M50957-XXXSP Cc, si | 5+5% | 20 | 1.9 | 4.2 
One Time Programmable Version of M50963-XXXSP C, Si | 5+5% 2 | 4 | 64P4B/72P6 
PROM Version of M50963-XXXSP/FP C, Si | 5+5% 2 | 4 | 64S1B/7286 
M37102E8-XXXSP/FP *!| One Time Programmable Version of M37102M8-XXXSP/FP C,Si | 5+10% | 110 | 4 | 64P4B/80P6N | 2—354 
M37120E6-XXXFP | PROM Version of M37120M6-XXXFP | 4 | 80P6N 
4B sé: 2-354 
| 8 | 80P6S esse 
ae 
3—448 


80S6 


Circuit function and organization Package 

















Note1 






























—/|— iN 
on; oO 

















M37201E6-XXXSP *| One Time Programmable Version of M37201M6-XXXSP 5+10% 

One Time Programmable Version of M37410M6H-XXXFP — Si |2.5~5.5 
M37410E6HFS PROM Version of M37410M6H-XXXFP C, Si 
M37412E5-XXXFP | One Time Programmable Version of M37412M4-XXXFP | C, Si 
M37413E6HXXXFP**| One Time Programmable Version of M37413M6H-XXXFP Cc, S) 
M37413E6HFS %*x*| PROM Version of M37413M6H-XXXFP 2S 
M37414E5-XXXFP | One Time Programmable Version of M37414M5-XXXFP 
M37420E6-XXXSP *) One Time Programmable Version of M37420M6-XXXSP C, Si 5+5% 
M37420E6SS__*| PROM Version of M37420M6-XXXSP 
M37424E8-XXXSP **x| One Time Programmable Version of M37424M8-XXXSP | C, Si | 510% 
M37524E4-XXXSP **| One Time Programmable Version of M37524M4-XXXSP | C, Si | 5+10% 


M37450E4-XXXSP/FP | One Time Programmable Version of M37450M4-XXXSP/FP 
M37450E4SS/FS_| PROM Version of M37450M4-XXXSP/FP 5+5% 
5+5% 


M37450E8-XXXSP/FP One Time Programmable Version of M37450M8-XXXSP/FP 
M37450E8SS/FS__*| PROM Version of M37450M8-XXXSP/FP 3 
3 


M37450E4TXXXSP/J One Time Programmable Version of M37450M4TXXXSP/J 
i ga 
C, Si |5+10% 80P6S Note3 


64P4B/80P6N/ 
5+10% | 40 mE 
12. 





wWlwlwlwlwl/—!iwlwlalwiw) ain 
OVSOPOlOJ;O;AO;sO!;AoO;o]o]/ 





3—458 

3—472 

64P4B <— 

4 | 64P4B 

| 10 | 64P4B/80P6 we 
64S1B/80S6 | 
64P4B/80P6 

10 Note3 


64S1B/80D0 


64P4B/80P6N/ 





4 
8 
8 
4 


































Wi dw 
o;oO 






oO!1o 



















M37451E4-XXXSP/FP/GP %*/| One Time Programmable Version of M37451M4-XXXSP/FP/GP 






at 
~ 
o 








M37451E4SS/FS *) PROM Version of M37451M4-XXXSP/FP 








M37451E8-XXXSP/FP/GP %*| One Time Programmable Version of M37451M8-XXXSP/FP/GP 


M37451E8SS/FS__*| PROM Version of M37451M8-XXXSP/FP 5+10%| 40 | 0.64/12.5| 64S1B/80D0 
| M37451EC-XXXSP/FP/GP*%*| One Time Programmable Version of M37451MC-XXXSP/FP/GP 5+10% | 40 | 0.64 ee 


One Time Programmable Version of M37451M4TXXXSP/FP C,Si | 510% 64P4B/80PE6N | Notes 
M37470E4-XXXSP %*| One Time Programmable Version of. M37470M4-XXXSP 17.5 32P4B Note3 
One Time Programmable Version of M37470M8-XXXSP 1723 32P4B Note3 
M37471E4-XXXSP/FP *| One Time Programmable Version of M37471M4-XXXSP/FP 17.5 Note3 


M37471E8-XXXSP/FP *| One Time Programmable Version of M37471M8-XXXSP/FP_ | C, Si |2.7~5.5 42P4B/56P6N 
M37471E8SS *| PROM Version of M37471M8-XXXSP | C, Si |2.7~5.5/17.5] 1 | 4 | 42818 


* : New product ** : Under development 
Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS” 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
editiom” 
3: Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol 2” 
* : The production of this product ts no longer planned due to announcement of new series or upgrades 














































W@iSeries 38000 single-chip microcomputers 
Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> 
Vol. 2.” 
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MITSUBISHI MICROCOMPUTERS 


DEVELOPMENT SUPPORT SYSTEMS 





Development support systems (1) 


MELPS 740 : Debug system 








Assembler For evaluation 


M50740A-XXXSP/FP 





M50741-XXXSP/FP_ | Single-chip mode 


PCA4040 M50740-PGYS 
MS50740ASP | 
M50742-XXXSP/FP | 
M50708-XXXSP/FP | ~ingle-chip mode PCA4042 M50742-PGYS 


; PCA4043 or 
M50743-XXXSP/FP | Single-chip mode PCA4O43R M50743-PGYS |. 
M50744-XXXSP/FP anes te tars PCA4044G02 or 
M50744T-XXXSP g Pp PCA4044R 
M50746-XXXSP/FP 











M50746ES/EFS 
(Note 2) 


M50746E-XXXSP/FP_ | Microprocessor PCA4044XG02 
M50746ES/EFS mode 
. PCA4045 or 
M50745-XXXSP/FP_ | Single-chip mode PCA4045R M50745-PGYS 
M50747-XXXSP/FP Solo rated PCA4047G02 or 
g p PCA4047RG02 


M50747H-XXXSP/FP 
| M50747T-XXXSP 
Microprocessor PCA4047XG02 or 
mode ' PCA4047XRGO02 













M50747ES/EFS 


M50747E-XXXSP/FP (Note 2) 


M50747ES/EFS 
M50752-XXXSP 
M50757-XXXSP 
M50758-XXXSP 


M50753-XXXSP/FP 
M50753T-XXXSP 
MS0754-XXXSP/FP/GP 
M50954-XXXSP/FP/GP | Single-chip mode 

















Single-chip mode PCA4057 M50752-PGYS 





M50753-PGYS 


4 
PCA4053 (Note 2 


Single-chip mode 








) 
PCA4054G02 or M50955-PGYS 






















PCA4054RG02 
uel daca RCs SRA74 PC4000E RTT74 

M50930-XXXFP 

M50930T-XXXFP 

M50931-XXXFP Biaaio-thicanaee PCA4093 or M50931-PGYS 
M50932-XXXFP PCA4093R (Note 2,3) 
M50933-XXXFP 


M50934-XXXFP 
M50940-XXXSP/FP 

PCA4094 
M50941-XXXSP/FP | Single-chip mode — he ee M50945-PGYS 
M50945-XXXSP/FP 


| 












M50943-XXXSP/FP_ | Single-chip mode _ PCA4033 prac 


M50944-XXXSP/FP 








M50944E-XXXSP/FP_ | Single-chip mode PCA7044 M50944ES 
M50944ES 
endehaeacartsiina Single-chip mode ™ PCA4095 M50950-PGYS 


M50951-XXXSP 
M50957-XXXSP/FP 
M50957E-XXXSP 
M50957ES Single-chip mode 
M50958-XXXSP/FP 
M50959-XXXSP/FP : 





PCA4054G02 or M50957-PGYS 
PCA4054RG02 M50957ES 


M50963-XXXSP/FP 
M50963E-XXXSP/FP . PCA4064 or 


Single-chip mode M50963ES/EFS 





MS50963ES/EFS 
M50964-XXXSP/FP 


* > New products xx > Under development 

Note 1: Evaluation board 
2: Notes for operating temperature range about the extended operating temperature version microcomputer 
3: Notes for supply voltage range about the M50932-XXXFP, M50933-XXXFP. 


PCA4064R 











4 





1-8 ate MTSUBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


DEVELOPMENT SUPPORT SYSTEMS 





Development support systems (2) 


MELPS 740 Debug system 
Assembler 


Type name Processor mode 


For evaluation 


, M37100T-OPT or 
M37102M8-XXXSP/FP 
M37102E8-XXXSP/FP | Single-chip mode M37102T-RTT M37102E8SS/FS** 
M37102E8SS/FS PC4000E 
MS7100T2-ATT 
M37120T-RTT M37120E6-xXXFP* 
M37201M6-XXXSP 
M37201E6-XXXSP M37201E6SS** 
M37201E6SS 
M37202M3-XXXSP PC4000E 
M37202E3-XXXSP Single-chip mode + M37201T5-POD* M37202E3SS** 
M37202E3SS PC4600* 
M37204M8-XXXSP 
M37204E8-XXXSP M37204E8SS** 
M37204E8SS 
M37250M6-XXXSP 
M37250E6-XXXSP Single-chip mode PC4000E M37250T-RTT* M37250E6SS** 
M37250E6SS 
PC4000E 
sa TsEIMRSOGSE Single-chip mode + . M37260T5-POD* 
M37260E6-XXXSP pores > M37260E6SS** 
M37260E6SS M37 260TX-OPT 
Microprocessor mode (Be necessary to order 
producing this board) 
M37409T-OPT M37409PSS* 
M3741 OM3HXXXFP 
M37410M4HXXXFP 
M37410M6HXXXFP | Single-chip mode SRA74 M37410T-OPT RTT74 M37410E6HFS 
M3741 0E6HXXXFP 
M37410E6HFS 
Single-chip mode M3741 2T-OPT M3741 2E5-XXXFP 
M3741 3M4HXXXFP 
sealer ena Single-chip mode M37413T-RTT M37413E6HFS** 
M3741 3E6HFS 
oF pees ad Single-chip mode M37414T-RTT M37414E5-XXXFP* 
M37415M4-XXXFP ee M37415T-OPT M37415PFS 
M37416T-RTT* 
M37420M4-XXXSP 
Raita Single-chip mode M37420T-OPT M37420E6SS* 
M37420E6SS 
M37421P-000SS 
M37424M8-XXXSP 
M37424E8-XXXSP_| Single-chip mode M37424T-RTT* M37424E8ss** 
M37424E8SS 
M37524M4-XXXSP 
M37524E4-XXXSP | Single-chip mode M37524T-RTT® M37524E4SS** 
M37524E4SS | 
PC4000E 
M37428M4-XXXFP Single-chip mode + M37428RFS 
PC4600* (Note2) 


* : New products xx : Under development 
Note 1 : Evaluation board Note 2 : Be necessary to order exchanging the monitor ROM. 
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MI; SUBISHI MICROCOMPUTERS 


DEVELOPMENT SUPPORT SYSTEMS 





Development support systems (3) 


MELPS 740 Debug system 
For evaluation 





Assembler 
M50734SP/FP PCA4034G02 or 


Development support systems (4) series 7450 


Series 7450 \ Debug system 
Assembler Control Base PC4000E Base PC4600 For evaluation 
Type name Processor mode software 


Debugger| Option board Debugger} Emulator MCU 


M37450T-OPT 
Single-chip or 


mode | , M37450T-RTT 


M37450M2-XXXSP/FP 
M37450M4-XXXSP/FP 
M37450M4TXXXSP/J 
M37450M8-XXXSP/FP 
M37450E4-XXXSP/FP | M37450RSS 
M37450E4TXXXSP/J or 
M37450E4SS/FS Microprocessor PC4000E M37450RFS 
M37450E8-XXxSP/FP | mode Metso Ont itr: (Note 2) 
M37450E8SS/FS 

M37450S1SP/FP Mee Eee 

M37450S2SP/FP ta 
M37450S4SP/FP RTT74 PC4000E 
M37451M4-XXXSP/FP/GP (Note 1) a : 
M37451M8-XXXSP/FP/GP PC4600 
M37451MC-XXXSP/FP/GP 

M37451E4-XXXSP/FP/GP | Single-chip 

M37451E4SS/FS mode 

M37451E8-XXXSP/FP/GP M37451E4SS/FS*, 
M37451E8SS/FS sacl Hee M37451E8SS/FS* 
M37451 EC-XXXSP/FP/GP | ie RS or 7 
M37451ECSS/FS Microprocessor (Note 2) M37451ECSS/FS 
M37451M4DXXXSP/FP._ | mode (Note 3) 
M37451M8DXXXSP/FP 

M37451E4DXXXSP/FP 


M37451E8DXXXSP/FP 


M37450PSS/PFS, 
M37450E4SS/FS 
or 
M37450E8SS/FS* 
(Note 3) 





Microprocessor 

















Microprocessor 


M37451SSP/FP/GP 
mode 





* : New products 
Note 1 : PC4600 is supported by software version up 
2: Pitch converter PCA4932 is necessary to RFS type 
3 : Notes for operating temperature range about the extended operating temperature version microcomputer 


Development support systems (5) series 7470 


Series 7470 Debug system 


Assembler Control For evaluation 
Type name Processor mode software Debugger Emulator MCU 


M37470M2-XXXSP 
M37470M4-XXXSP M37470E4-XXXSP* 
M37470M8-XXXSP M37470E8-XXXSP* 
M37470E4-XXXSP | 
M37470E8-XXXSP PC 4000E 

M37471M2-XXXSP/FP | Single-chip mode RTT74 (Note 1) + M37471RSS (Note 2,3) 
M37471M4-XXXSP/FP PC4600* 

M37471M8-XXXSP/FP 
M37471E4-XXXSP/FP 
M37471E8-XXXSP/FP 
M37471E8SS 


* > New products 
. Note 1 : PC4600 is supported by software version up 
2 : Pitch converter PCA4906 is necessary to M37470 
3: Pitch converter PCA4907 is necessary to QFP package type 





M37471E8SS* 
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MITSUBISHI MICROCOMPUTERS 


DEVELOPMENT SUPPORT SYSTEMS 





Development support systems (6) series 38000 


Debug system 
Type name Assembler : For evaluation 
Control software Debugger Emulation MCU 


M38002M2-XXXSP/FP 
M38002E2-XXXSP/FP 

M38002E2SS/FS 

M38002M4-XXXSP/FP 

M38002E4-XXXSP/FP 

M38002E4SS/FS M38002E2SS/FS 
M38003M6-XXXSP/FP M38002E4SS/FS 
M38003E6-XXXSP/FP M38007RSS (Note 2) M38003E6SS/FS 
M38003E6SS/FS M38004E8SS/FS 
M38004M8-XXXSP/FP M38007E4SS/FS 
M38004E8-XXXSP/FP 
M38004E8SS/FS 
M38007M4-XXXSP/FP 
M38007E4-XXXSP/FP 
M38007E4SS/FS 
M38042M3-XXXFP 
M38042E3-XXXFP Under development M38042E3FS 
M38042E3FS 

M38062M3-XXXFP/GP 

M38062E3-XXXFP/GP 

M38062E3FS 

M38062M4-XXXFP/GP 

M38062E4-XXXFP/GP 

M38062E4FS M38067RFS (Note 3) 
M38063M6-XXXFP/GP 

M38063E6-XXXFP/GP PCAN00E 

MSsIGSEOFS RTT74 (Note 1) + 

M38064E8-XXXFP/GP 
M38064E8FS 
M38102M5-XXXSP/FP 
M38102E5-XXXSP/FP 
M38102E5SS M38102E5SS 
M38103M6-XXXSP/FP Mecano Ne ee M38103E6SS 
M38103E6-XXXSP/FP 
M38103E6SS 

M381 12M4-XXXSP/FP 
M38112E4-XXXSP/FP M38117RSS (Note 2) M38112E4SS 
M38112E4SS 
M381 72M4-XXXFP 
M38172E4-XXXFP 
M38172E4FS 
M38173M6-XXXFP M38172E4FS 
M38173E6-XXXFP M38177RFS (Note 3) M38173E6FS 
M38173E6FS . M38174E8FS 
M38174M8-XXXFP 
M38174E8-XXXFP _ 
M38174E8FS 
M38184M8-XXXFP 
M38184E8-XXXFP M38187RFS** (Note 3) M38184E8FS 
M38184E8FS 


* > New products ** Under development 

Note 1 : PC 4600 is supported by software version up 
2 : Pitch converter M38007T-PRB is necessary to QFP package type 
3 : Pitch converter PCA4932 Is necessary 





M38062E3FS 
M38062E4FS 
M38063E6FS 
M38064E8FS 
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DEVELOPMENT SUPPORT SYSTEMS 





Program writing adapter for built-in 


PROM type microcomputers 


Built-in PROM type microcomputers 
type name 
M507 46E-XXXSP 
M50746ES 
M50746EFS 
M507 46E-XXXFP 
M50747E-XXXSP 
M50747ES 
M50747E-XXXFP 
M50747EFS 
M50944E-XXXSP 
M50944ES 
M50944E-XXXFP 
M50957E-XXXSP 
M50957ES 
M50963E-XXXSP 
M50963ES 
M50963E-XXXFP 
M50963EFS 


Program writing adapter 


’ 


PCA4700G02 


PCA4701 G02 


PCA4700G02 


PCA4701G02 


PCA4715 
PCA4714 


PCA4703 


PCA4700G02 


PCA4701G02 


Program writing adapter for built-in 
PROM type microcomputers (continued) 


Built-in PROM type microcomputers 
type name 


M37451ECSS 
M37450E4TXXXSP 


M37450E4TXXXJ 
M37450E4-XXXFP 


M37450E4FS = ¢ 
M37450E8-XXXFP 


Program writing adapter 


PCA4710 


PCA4712(Note 1) 


PCA4711 





M37450E8FS 


PCA4719 


, 


PCA4751* 


PCA4752* 





M37102E8-XXXSP 


PCA4724 
M37102E8SS 
M37102E8-XXXFP 

PCA4725 


M37451E4DXXXSP 
PCA4710 
M37451E8DXXXSP 
M37451E4DXXXFP re 
PCA4751 
M37451E8DXXXFP 


M37470E4-XXXSP 
: 


M38004E8FS 
M38007E4-XXXSP 
M38007E4-XXXFP 


M38007E4SS 


* : New product ** : Under development 
Note 1 : Be necessary to order producing this board 


M37102E8FS 
M371 20E6-XXXFP PCA4716(Note 1) 
M37201E6-XXXSP 

PCA4723 


M37201E6SS 
M37202E3-XXXSP 
M37202E3SS 
M37204E8-XXXSP 
M37204E8SS 
M37250E6-XXXSP 
M37250E6SS 
M37260E6-XXXSP 
M37260E6SS 
M37260E6-XXXFP 
M37260E6FS 
M37410E6HXXXFP PCA4705 
M37410E6HFS PCA4706 
M37412E5-XXXFP PCA4720 
M37413E6HFS PCA4729 
M37414E5-XXXFP PCA4720 
M37420E6-XXXSP 
M37420E6SS 
M37424E8-XXXSP 
M37424E8SS 
M37524E8-XXXSP 
M37524E8SS 
M37450E4-XXXSP 
M37450E4SS 
M37450E8-XXXSP 
M37450E8SS 
M37451E4-XXXSP PCA4710 
M37451E4SS 
M37451E8-XXXSP 
M37451E8SS 
M37451EC-XXXSP 


PCA4726* 





Under development 


PCA4736* 


PCA4737* 





PCA4727 





PCA4721 


Under development 
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Program writing adapter for built-in 
PROM type microcomputers (continued) 


Program writing adapter 


Under development 










Built-in PROM type microcomputers 
type name 
M38062E4-XXXFP 
M38062E4-XXXGP 
M38062E4FS 


M38063E6-XXXFP PCA4738F-80 
M38063E6-XXXGP PCA4738G-80 
M38063E6FS PCA4738L-80 


M38064 E8-XXXFP 
M38064E8-XXXGP 
M38064E8FS 


M38102E5-XXXSP PCA4738S-64 
M38102E5-XXXFP PCA4738F-64 
PCA4738S-64 


Under development 




















Under development 











M38103E6-XXXSP 
M38103E6-XXXFP 
M38103E6SS 


M381 12E4-XXXSP PCA4738S-64 
M381 12E4-XXXFP PCA4738F-64 
M38112E4SS PCA4738S-64 


M381 72E4-XXXFP 
M38172E4FS 
M381 73E6-XXXFP 
M381 73E6FS 
M38174E8-XXXFP 
M38174E8FS 


M38184E8-XXXFP PCA4738F-100* 
M38184E8FS Under development 


* >: New product ** : Under development 



















Under development 
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ORDERING INFORMATION 





FUNCTION CODE 


Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSIs and the package style. 


1. Mitsubishi Original Products 
Example1. M 5 O7 40-001 SP -2 


ry] PF M : Mitsubishi integrated prefix 


Temperature range 
5 : Standard industrial/commercial 
| (0 to 70/75 or —20 to 85) 
9 : High reliability 
Series designation using 1 or 2 alphanumeric chracters. 


01~09 ©<=CMOS 
1 - Linear circuit 
3 ae i i 
10~19 * Linear circuit 
32~33 © TTL 
41~47 ‘TTL (the others) 
81 : P-channel aluminum-gate MOS 
84 > CMOS 
. 85 - P-channel silicon-gate MOS 

Z 86 : P-channel aluminum-gate MOS 
87 : N-channel silicon-gate MOS 
88 — : P-channel aluminum-gate ED-MOS 
89 : CMOS . 
9 > DTL 
SO~S2 : Schottky TTL 
Circuit function identification code using 2 digits. 


A character next to 2-digit alphanumeric characters, “T’, is represented 
using for automobile/industrial 
Mask ROM number 


= Package style 





K - Glass-sealed ceramic flat package 
Pp - Molded plastic 

FP : Molded plastic flat package 

GP : Molded plastic flat package 

SP : Molded plastic shrink package 

S : Metal-sealed ceramic 


Electrical characteristic identification code using 1 or 2 digits 





MITSUBISHI 


vee ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


ORDERING INFORMATION 





Example2, M 3 74 50 E 4 - O01 SP 


| 








M : Mitsubishi integrated prefix 

3  : Represent an original single-chip microcomputer 
Series designation using 2 alphanumeric chracters 
Circuit function identification code using 2 digits 


Memory identification code using a digit 
: EPROM 

: Mask ROM 

: Mask ROM+EEPROM 

: Piggyback 

: External ROM 


ovaza = mM 


Memory size identification code using a digit 


Normally, using hyphen. 

When electrical characteristic, or division of quality identification 
code using alphanumeric character. 

T : For automobile/industrial 


Mask ROM number 


Package style 

J : PLCC, or SOJ package 

K  : Glass-sealed ceramic flat package 
P =: Molded plastic DIP 

FP : Molded plastic flat package 

FS : Ceramic flat package 

GP : Molded plastic flat package 

SP : Molded plastic shrink package 

S  : Ceramic (layered type) package 
SS -: Ceramic shrink package 
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2. PACKAGE CODE 


Package style may be specified by using the following simplified alphanumeric code. 


Example : 42 P 4 B 





Number of pins 


Package structure 

K : Glass-sealed ceramic 
P : Molded plastic 

S : Metal-sealed ceramic 


Package outline 





1 :DIP 
2 :SOP 
4 :DIP 
6 :QFP 


Secondary outline code 
Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. : 
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Dimension in mm 
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+0.1 
ie —0.02 


Dimension in mm 


15. 240. 3 
5. SMAX 
0.5MIN y 28MIN 
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42pin ceramic DIP Dimension in mm 


40. 640. 40 


15. 49-0. 25 


15. 2440. 25 


3. OOMAX 


1.7840. 13 


Plastic 44pin QFP Dimension in mm 


12. 80. 3 : 0(min.) 
10. O0, 2 


—— 


12. 80. 3 
UU 


J 


SEATING PLANE 


3. 05(max ) 


ll 
f 


SEATING PLANE, 


SEE DETAIL F 


DETAIL F 
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5Opin molded plastic QFP Dimension in mm 
15. 60. 3 


10. 0-0. 15 
2.0 OMIN 


8 


12. 40. 15 
A 


S 
BE 


| SEATING PLANE 


+0. 05 
0.15_ 9° 9 


2. 44MAX 
2.8 


_f 


\ SEATING PLANE 


SEE DETAIL F 


J 1.5£0.2 DETAIL F 


52pin molded plastic DIP Dimension in mm 


15 24+0 3 


1340 15 
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52pin ceramic DIP 





SS , GC 
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PACKAGE OUTLINES 


56pin molded plastic QFP Dimension in mm 


16. 8£0. 3 


14. 00. 2 


12. 80. 3 
10. 00. 2 


+0, 05 
0.15_ 9/92 


6Opin molded plastic QFP Dimension in mm 
18. 0-E0. 3 
13.22-0:.15 


) 


13. 240. 15 
18. 0-£0. 3 
ialatata(atetafatalalalalalnimmn 


8 
' 


\ SEATING PLANE 


+0. 05 
0.15_9 | 99 


2. 44MAX 


\ SEATING PLANE 


SEE DETAIL F 
DETAIL F 
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PACKAGE OUTLINES 


Dimension in mm 


19.05+0.3 


17.0+0.15 


5.5MAX 


2.8MIN 


Dimension in mm 


14.00. 2 
ANNUAL Uta ata 


1 


\. SEATING PLANE 


+0. 05 
0.15_ 9° go 


1.4 
3. OOMAX 


SEATING PLANE 


SEE DETAIL F 
0.352201 


DETAIL F 
| | 0. 6=E0. 2 
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0.650. 15 


16. 80. 3 


64pin molded plastic QFP 


19,240. 3 
14. 0-0, 15 





,_ 3. OOMAX 


t 
—j=—_— 
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PACKAGE OUTLINES 


Dimension in mm 





. 


Dimension in mm 


| SEATING PLANE see 
+0. 05 

UI 29.02 

2, S9MAX 


be 1.30.2 DETAIL F 


123 
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PACKAGE OUTLINES 


64pin ceramic DIP Dimension in mm 


58. SMAX 


um / ss | 
| 41.5 | 


0.46+0.08 49.95. 0 | 
(1.02) 


= 
= 
st 
Ye) 
N 


64pin piggyback DIP 


Dimension in mm 


58.0+0.6 


15.24+0.3 


+0.07 
0.25_ 995 


19.05+0.3 
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72pin molded plastic QFP Dimension in mm 


PA ODODDDODDOD00I0 


; ie 18+0.2 | 1.5+0.2 
23.6+0.3 > 13.2+0.2 


18.8+0.3 


80pin molded ceramic LCC Dimension in mm 


21; 05052 


15. 60. 2 


18, 40-40. 15 12. 00. 15 : 





xs 
< 
= 
N 
on 
‘S) 
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PACKAGE OUTLINES 


Dimension in mm 


25.2+0.3 
19:2-0.3 





80pin molded plastic QFP Dimension in mm 
16.80. 3 
14. 0-0. 2 





20. 00. 2 
22. 80. 3 


' SEATING PLANE 


AT 


| 


3. OOMAX 


ae 2 
AWN 
J NW See BUANE 


ILF 
SEE DEIAS Ramer DETAIL F 
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PACKAGE OUTLINES 


Dimension in mm 


3.05 MAX 


— 
co 
N 
ww 





16. 80. 3 


80pin molded ceramic QFP Dimension in mm 


25220: 2 


e 


‘monte 


0. 800. 2 0 J ae. 


cS) 


ACLU 


8 


nN 





MITSUBISHI 1-27 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


PACKAGE OUTLINES 


80pin piggyback QFP Dimension in mm 


18. 4 


3 Dn TTT 


indexconthesoaekage em mT ie 
Index on the socket 18. 12 
(i 


84pin molded plastic leaded chip carrier Dimension in mm 


30. 35 MAX 
30. 10 MIN 
29. 41 MAX 
29.21 MIN 


29. 41 MAX 


29. 21 MIN 
30. 35 MAX 


30. 10 MIN 


0.53 MAX 
0. 33 MIN 


0.81 MAX 
0.66 MIN 





0.65 MIN 


owe . 28.7 MAX 
! 27.7 MIN 
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PACKAGE OUTLINES 


100P6S | Plastic 100pin QFP Dimension in mm 


re) 
S 
+! 
re) 
o 
So 


0.30.1 
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INTRODUCTION 


A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSls for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the [EC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LS! data book for the 
new products only. Future editions of this data book 
will be applied this system. The IEC document which 
describes ‘‘Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories” is 
‘introduced below. In this data book, the dynamic para- 
meters in the IEC document are applied to timing 
requirements and switching characteristics. 


2. LETTER SYMBOLS 


The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 


2.1. General Form 


The dynamic parameters are represented by the general 
symbol of the form - 


TAIBCSDE)E: sctetieetinsceoninstiasi sacked (1) 

where : 

Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B_ indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 


used, the initial state or level is also indi- . 


cated. 





Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 

and/or the final state or level of the signal 

represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 


Note 1 Subscripts A to F may each consists of one or more letters 


2 Subscripts D and E are not used for transition times 

3 The “—" in the symbol (1) above is used to indicate ‘’to’’, hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it 1s important to note that this convention Is used 
for all dynamic parameters including hold times Where no misunder- 
stariding can occur the hyphen may be omitted 


2.2. Abbreviated Form 


The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 


to: 
ta(B—p) 
or  ta(s) 
or ta(p) — often used for hold times 
or tar — no brackets are used in this case 
or ta 


or tpac—pE — often used for unclassified time 
intervals 


2.3. Allocation of Subscripts 


In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals if this 
aids understanding. 


3. SUBSCRIPT A 


(For Type of Dynamic Parameter 


The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. 
The letter symbols so far proposed for memory circuits 
are listed in sub-clauses 3.1 and 3.2 below. 

All subscripts A should be in lower-case. 


3.1. Timing Requirements 


The letter symbols for the timing requirements of semi- 
conductor memories are as follows : 


Term Subscript 

Cycle time Cc 
Time interval between two signal events d 
Fall time f 
Hold time h 
Precharging time pc 
Rise time r 
Recovery time rec 
Retresh time interval rf 
Setup time SU 
Transition time t 
Pulse duration (width) Ww 


3.2. Characteristics 


The letter symbols for the dynamic characteristics of 
semiconductor memories are as follows : 


Characteristic Subscript 
Access time a 
Disable time dis 
Enable time en 
Propagation time P 
Recovery time rec 
Transition time T 
Valid time v 


Note Recovery time for use as a Characteristic 1s limited to sense recovery time 


4. SUBSCRIPTS B AND D 


(For Signal Name or Terminal Name) 
The letter symbols for the signal name or the name of 
the terminal are as given below. 
All subscripts B and D should be in upper-case. 


Signal or terminal Subscript 
Address A 
Clock C 
Column address CA 
Column address strobe CAS 
Data input D 
Data input/output DO 
Chip enable E 





Erasure ER 
Output enable G 
Program PR 
Data output Q 
Read R 
Row address RA 
Row address strobe RAS 
Refresh RF 
Read/Write RW 
Chip select S 
Write (write enable) Ww 


Note 1 In the letter symbols for time tntervals, bars over the subscripts, for ex- 


ample CAS, should not be used 

2 It should be noted, when further letter symbols are chosen, that the sub 
script should not end with H, K, V, X,or Z (See clause 5) 

3 If the same terminal, or signal, can be used for two functions (for example 
Data input/output, Read/Write) the waveform should be labelled with the 
dual function, if appropriate, but the symbols for the dynamic parameters 
should include only that part of the subscript relevant to the parameter 


5. SUBSCRIPTS C AND E 


(For Transition of Signal) 


The following symbols are used to represent the level or 
state of a signal : 


Transition of signal Subscript 
High logic level H 
Low logic level L 
Valid steady-state level (either low or high) V 
Unknown, changing, or ‘don’t care’ level x 
High-impedance state of three-state output Z 


The direction of transition is expressed by two letters, 
the direction being from the state represented by the 
first letter to that represented by the second letter, with 
the letters being as given above. 

When no misunderstanding can occur, the first letter 
may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 

All subscripts C and E should be in upper-case. 


Subscript 

Examples Full Abbreviated 
Transition from high level to 
low level HL L 
Transition from low level to 
high level LH H 
Transition from unknown or 
changing state to valid state XV V 
Transition from valid state to 
unknown or changing state VX X 
Transition from high-impedance 
state to valid state ZV V 


Note Since subscripts C and E may be abbreviated, and since subscripts B and D 


may contain an indeterminate number of letters, it is necessary to put the 
restriction on the subscripts B and D that they should not end with H, L, 
V,X, or Z,s0 as to avoid possible confusion 
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6. SUBSCRIPT F (For Additional Information) 


If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 
subscript F are given below. 

Subscript F should be in upper-case. 


Modes of operation Subscript 
Power-down PD 
Page-mode read PGR 
Page-mode write PGW 
Read | R 
Refresh RF 
Read-modify-write RMW 
Read-write RW 
Write | W 
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FOR DIGITAL INTEGRATED CIRCUITS 
Parameter—definition 


C, Input capacitance 

Co Output capacitance 

Ci/o input/output terminal capacitance 
Cig) Input capacitance of clock input 

f Frequency 

f(g) Clock frequency 


| Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 





leap Supply current from Veg 

1BB( AV) Average supply current from Veg 
loc Supply current from Vcc 

Ioc( Av) Avarage supply current from Vcc 
l\oc( PD) Power-down supply current from Vcc 
lop Supply current from Vpp 

| DDC AV) Average supply current from Vop 
Iga Supply current from Vgg 

1GG(AV) Average supply current from VGgg 


\y Input current 


TS) High-level input current—the value of the input current when Vox 1s applied to the input considered 

lic Low-level input current—the value of the input current when Vo, 1s applied to the input considered 

lLoap Built-in resistor current 

lPEAK Peak current _ 
10H High-level output current—the value of the output current when Voy 's applied to the output considered 

lon Low-level output current—the value of the output current when Vo, 1s applied to the output considered 

loz Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 


it will establish according to the product specification, the off (high-impedance) state at the output 


10ZH Off state (high-impedance state) output current, with high-level voltage applied to the output 

loz Off-state (high-impedance state) output current, with low level voltage applied to the output 

los Short-circutt output current 

Iss Supply current from Ves 

Pd Power dissipation 

New Number of erase/write cycles 

NrRa Number of read access unrefreshed 

R, ; Input resistance 

Ri External load resistance 

Rorr Off-state output resistance 

Ron On-state output resistance 

ta Access time—the time interval between the application of aspecified input pulse during a read cycle and the availability of valid data signal at an output 
ta(a) ta (aD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 
ta(Cas) Column address strobe access time 

ta(e) ta(Ce) Chip enable access time 

ta (G) ta (OE) Output enable access time 

ta (PR) Data access time after program 

ta (RAS) Row address strobe access time 

tg (s) ta(cs) Chip select access time 

ive Cycle time 

tor tc (RD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle 

tore to (REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 
tcpc tco(pc) Page-mode cycle time 
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New symbol |Former symbol! Parameter—definition 


tcRMW tcc RMR) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory is read and new data ts entered, and the start of 





the next cycle 


tcw . tc(wr) Write cycle trme—the time interval between the start of a write cycle and the start of the next cycle 
td Delay tirme—the time between the specified reference points on two pulses 

td ta Delay time between clock pulses—e g , symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 
td(cas-RAS) Delay time, column address strobe to row address strobe 


td (CAS-W) tg (CAS WR) Delay time, column address strobe to write 
| td (RAS-CAS) Delay time, row address strobe to column address strobe 
tdcras-w) | td(Ras-wR)| Delay time, row address strobe to write 


tdis(r-q) | tdis(R-pa) Output disable time after read 


tdis(s) tpxz(cs) Output disable time after chip select 

tdis(w) tpxz(wR) Output disable time after write 

tDOHL High-level to low-level delay time the time interval between specified reference points on the input and on the output pulses when the output 1s 
touH | Low-level to high-level delay time ‘going to the low (high) level and when the device is driven with a specified !oading networks 


ten(a-o) tpzv(a-DQ) | Output enable time after address 
ten (R-O) tezv( R-DQ) Output enable time after read 


ten(s-o) tpzx(cs-09) Output enable time after chip select 


tf Fall time 

th Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 
tha) thcap) Address hold time 

th(a-&) th(AD-CE) Chip enable hold time after address , 


th(a-PR) | thcap-pRo) | Program hold time after address 
thc cas-Ca) | Column address hold time after column address strobe 


th(cas-b) |th (CAS-DA) Data-in hold time after column address strobe 


th¢cas-o) | th(cas-our) Data-out hold time after column address strobe ae 
th (CAS-RAS) Row address strobe hold time after column address strobe 

th(cas-w) | thicas wr) Write hold time after column address strobe 

thp) thcpa) Data-in hold time 


th (p-PR) th(DA-PRO) Program hold time after data-in 


th (E) th(ce) Chip enable hold time 

Un-(e-b) th(ce-DaA) Data-in hold time after chip enable 

th (€-c) th (CE-OF) Output enable hold time after chip enable 

thr) th RD) Read hold time 

thcras-ca) Column address hold time after row address strobe 

th (RAS-CAS) Column address strobe hold time after row address strobe ' , 


thcras-b) | thcras-pa) Data-in hold time after row address strobe 
thc ras-w) |tn¢ aera Write hold time after row address strobe 
ths) thccs) Chip select hold time 

thow) thcwr) Write hold time 

thcw-cas) |th(wr-cas)| Column address strobe hold time after write 
th (w-b) thiwr-pa) | Datain hold time after write < 


thcw-Ras) |th(wr-ras)| Pow address hold time after write 


* 


{ive High-level to low-level propagation time the time interval between specified reference potnts on the input and on the output pulses when the 
BS output Is going to the low (high) level and when the device is driven and loaded by typical devices 
tePLH Low-level to high-level propagation time of stated type 
itr Rise time 
trec (WwW) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of anew cycle 
Itrec (PD) tr(pp) Power-down recovery time 
tsu Setup time—the time tnterval between the application of a signal which ts maintained at a speciifed input terminal and a consecutive active 


tarnsition at another specified input terminal 


MS 


tsu(a) tsu(AD) Address setup time 
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New symbol |Former symbol 


tsu(a-e) 
tsu(a-w) 
tsu(CA-RAS) 
tsu(p) 
tsu(D-E) 
tsu(p-w) 
tsuce) 
tsu(e-P) 
tsu(G-E) 
tsu(p-£) 
tsu(Pp) 
tsu(A) 
tsu(R-CAS) 
tsu (RA-cas) 
tsucs) 
tsu(s-w) 
tsu(w) 
UTHL 
UTLH 

ty (a) 

tv (e) 

tv (E)PR 
tv(G) 

tv (PR) 
tv(s) 

tw 
twce) 

tw (EH) 
tw(EL) 
tw(PR) 
twoR) 
tw(s) 
twow) 


tw¢) 
Ta 


Topr 
Tstg 
VBB 
Vcc 
Vopb 
Vac 
VI 
VIH 
Vit 
Vo 
VOH 
VoL 
Vss 


tsu(AD-CE) 


tsu(AD- wR) 


tsu(pa) 
tsu(DA-CE) 
tsu(Da-wR* 
tsu(ce) 
tsu(ce-P) 
tsu (0E-CE) 
tsu(p-ce) 


tsucAb) 


tsu (RA-CAS) 


tsu(cs) 
tsu(csS-wR) 


tsu(wrR) 


ldv (aD) 
ldv (cE) 
lv (CE)PR 
lv (0E) 


lvccs) 
tw(ce) 
tw(CEH) 


tw(eEL) 


twcrb) 


twos) 








twcwr,) 





Parameter—definition 





Chip enable setup time before address 

Write setup time before address 

Row address strobe setup time before column address 
Data-in setup time 

Chip enable setup time before data in 

Write setup time before data-in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time béfore output enable 

Chip enable setup time before precharge 

Power down setup time 

Read setup time 

Column address strobe setup time before read 
Column address strobe setup time before row address 
Chip select setup time 

Write setup time before chip select 

Write setup time 


High-level to low-level transition time the time interval between specified reference potnts on the edge of the output pulse when the output Is 


going to the low (high) level and when a specified input signal is applied through a specified network and 


Low-level- to high-level transition time the output is loaded by another specified network 


Data valid time after address 

Data valid time after chip enable 

Data valid time after chip enable in program mode 

Data valid time after output enable 

Data valid time after program 

Data valid time after chip select 

Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 
Chip enable pulse width 

Chip enable high pulse width 

Chip enable low pulse width 

Program pulse width 

Read pulse width 

Chip select pulse width 

Wrtie pulse width 

Clock pulse width 

Ambient temperature 

Operating temperature 

Storage temperature 

Ves supply voltage 

Vcc supply voltage 

Vop supply voltage 

Voc supply voltage 

Input voltage 

High-level input voltage—the value of the permitted high-state voltage at the input 
Low-level input voltage—the value of the permitted low-state voltage at the input 

Output voltage : 

High tevel output voltage—the value of the guaranteed high-state voltage range at the output 
Low-level output voltage—the value of the guaranteed low state voltage range at the output 


Vss supply voltage 


Note 1. These letter symbols are based on the IEC publication 148 except a part of them 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. . 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy “Quality First”, and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Single-chip 8-bit Micro- 
computer. 


2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Fig. 1. 


2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 

new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure mechanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc 


2.2 Quality Assurance in Manufacturing 

Quality assurance in manufacturing is performed as follows 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 


(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 
-Electrical characteristics and visual inspection, lot by 
lot sampling 
-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 


2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages in new product develop- 
ment, pre-production and mass-production. 

At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 


Table 1. TYPICAL RELIABILITY TEST PROGRAM 


FOR PLASTIC ENCAPSULATED IC & LSI 


= aa Solderability 230°C, 5sec Rosin flux 


Soldering heat 260°C, 10sec 








=56C, 125, ISeycles 


—65°C, 150°C, 100cycles 
250gr, 90°, 2arcs 

1500G, 0. 5msec 

20G, 100~2000Hz 


Temperature cycling 





Lead fatigue 
Shock 








X, Y, Z direction 
4min./cycle, 4cycles/direction 
20000G, Y direction, Imin 
Ta=125°7, Vecmax 
1000hours 


Vibration 





Constant acceleration 





Operation life 





High temperature 
storage life 


pigh temperature and 85°C , 85%, 1000hours 
high humidity 


121°C, 100%, 100hours 


Ta=150°C, 1000hours 
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Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of “Analysis Re- 
quest of Returned Product” 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 


RETURNED PRODUCT 


ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 


FAILURE ANALYSIS 


5 


VISUAL INSPECTION 


ELECTRICAL 
CHARACTERISTICS TEST 


CLASSIFICATION OF 
FAILURE MODES 


EJECTION 













a 


INTERNAL VISUAL 
INSPECTION 


SIMULATION TEST 


, ELECTRICAL 
CHARACTERISTICS TEST, 


| ACCEPTANCE 









REPORT 
GENERATION 


PRELI 
CORRECTIVE ACTION 


CONFIRMATION 
OF QUALITY 


REPORT TO 
CUSTOMER 


PREVENTIVE MEASURES 


ACCEPTANCE 


CHIP ANALYSIS 


INVESTIGATION OF CAUSE 


MINARY 





FIXED CORRECTIVE ACTION 


generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 
duct to improve reliability and realize lower failure rate. 

Fig. 2 shows the procedure of returned product control from 
customer. 


— = aoe -— 
CONFIRMATION OF 


i. FAILURE CAUSE _y 


SURVEY OF 
L___\ pRocESS RECORD 





NO GO 





Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS 

The reliability test results for Mitsubishi Single-chip 8-bit 
Microcomputers are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of high tempar- 
ature operation life and high temperature storage life test 


Table 2. 






High Temperature 





Operation Life 















Storage Life 


High Temperature 


MELPS 740 


EPROM mounted type 


MELPS 740 








EPROM mounted type 


ENDURANCE TEST RESULTS 





Type Number 








M37100M8-XXXSP 






M37409M2-XXXSP 
M37420M6-XXXSP 
M37201E6-XXXSP 
M37410E6HXXXFP 
M37420E6-XXXSP 
M37100M8-XXXSP 
M37201M6-XXXSP 
M37260M6-XXXSP 









M37201M6-XXXSP 


M37260M6-XXXSP 
M37120M6-XXXFP 


M37409M2-XXXSP 
M37201M6-XXXSP 150°C 
M37420E6-XXXSP 175°C 22000 | +o | 


for representative types of Single-chip 8-bit Microcompu- 


ters. 





Test Condition 

























Number of 
Samples 









Device Hours | Number of 
(Hours Failures 
35000 0 
35000 
35000 =. 


38000 
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Table 3 shows the results of the environment tests of ther- durance tests. 
mal stress high temperature/high humidity and pressure. Table 4 shows the results of mechanical tests for repre- 
cooker test for the same type of products in regards to en- sentative products of various package types. 


Table 3. ENVIRONMENTAL TEST RESULTS 


Type Number Test Condition pie ie pe eli 


M37100M8-XXXSP 24000 
M37201M6-XXXSP 24000 
M37260M6-XXXSP 24 
ELPS 740 85°C 85%RH 5V 
nee M37120M6-XXXFP ae 
22 




















High Temperature 
High Humidity Life 





M37420M6-XXXSP 
eer wae M37201 M6-XXXSP 
ou e 
YP° | M37420E6-XXXxSP 


M37409M2-XXXSP 


85°C 85%RH 5 V he. aes = 















0/22 
0/2 
0/22 


| 
MELPS 740 
: 










121°C 2 atmospheres 



















Pressure Cooker 












EPROM mounted type 121°C 2 atmospheres 










10Cycles 100Cycles 


Type Number Test Codition 



















M37100M8-XXXSP 0/38 0/38 
M37201M6-XXXSP 0/38 0/38 







M37260M6-XXXSP 
M371 20M6-XXXFP 
M37409M2-XXXSP 
M37420M6-XXXSP 
M37201 E6-XXXSP 


M37410E6HXXXFP 
M37420E6-XXXSP 


0/38 0/38 
0/32 0/32 ‘ 





MELPS 740 —65'C ~+150°C 









Temperature Cycling 

































EPROM mounted type =§65C ~-+F- 125 









Table 4. MECHANICAL TEST RESULTS 


Package 
Test Test Condition 
pte 64P4B | 60P6 | 80P6 
Soldering Heat 260°C 10sec 0/130 0/192 0/104 
Thermal Shock —40C~125T 15Cycle 0/130 0/192 


Solderebility 230°C 5sec Using arosin-type Flux 0/66 0/88 
0/44 













































Free Fall 75cm Onto a maple wood board 3times 
1500G 0.5msec X, Y, and Z directions 3times 0/44 
0/44 


20G X,Y, and Z directions 4times 100~2000Hz 4minutes/Cycle 0/44 0/22 


Constant Acceleration | 20000G _ Y, direction Iminute 0/44 0/44 0/22 0/22 


250g 90° Berding 2times 0/30 0/30 0/15 0/15 
500g Tension 30sec 0/30 0/30 0/15 0/15 





















































Lead Integrity 
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4 FAILURE ANALYSIS 
Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages. 
Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 
Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur- 
red by temperature storage test of 225°C, 1000hours. 


Fig.3 

Micrograph of 
lifted Au ball trace 
on Al bonding pad 
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Fig.4 
Au-Al plague formation 
on bonding pad 


Fig.5 
Lifted Au wire ball base 


Au-Al intermetallic formation so-called “Purple plague” 
by thermal overstress makes Au wire lift off from alumi- 
num metallization. The activation energy of this failure 
mode is estimated approximately 1.0eV and no failure 
has been observed so far in practical uses. 

Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 

Fig. 6, Fig. 7 and Fig. 8 are an example of corroded fa- 
ilure of aluminum metallization in plastic encapsulated 
IC after accelerated temperature/humidity storage test 
(pressure cooker test) of 121°C , 100% RH, 1000hours 
duration. 

Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Fig. 8. 
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Fig. 6 
Micrograph of corroded 
Aluminum metallization 
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Fig.7 
Enlarged 
micrograph 
of corroded 
Aiuminum 
bonding pad 


Omn me Fig.8 
eee Cl 
distribution 
on corroded 
Aluminum 
bonding pad 





(3) Destructive Failure by Electrical Overstress 
ESD have been performed to reproduce the electrical 
overstress failure in field uses. 
Fig. 9 and Fig. 10 are an example of failure observed 
by surge voltage test. The trace of destruction is veri- 
fied as the aluminum bridge by X-ray micro analysis. 


aE Fig.9 
SURGE Micrograph of surge 
DESTRUCTION | voltage destruction 











neces Fig.10 
SURGE Aluminum trace 


DE SmRCealeNe of destructive spot 


50 mm 





(4) Aluminum Electromigration 
Fig. 11 shows an open circuit of aluminum metallization 
in high current density region caused by accelerated 
operating life test. This failure is caused by the -alumi- 
num electromigration. Voids and hillock have been 
formed in aluminum metallization by high current de- 
nsity. 


Fig.11 

Voids and 
hillocks 
formation 

by Aluminum 


5 SUMMARY 
The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer’s analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g,,,) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 


1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 


1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limitsswill assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive Current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 


2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 


When MOS IC/LSls are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 


3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and operat- 


. Current 


ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1m resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 

leakage from electric equipment must be 
prevented not only for personnel safety, but also to 
avert the destruction of MOS !C/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 


PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSIs 


. The printed wiring lines between input and output ter- 


minals of MOS IC/LSlIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. 


. When input/output, or input and/or output, terminals 


of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to 82 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 


_A filter circuit should be inserted in the AC power 


supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 


. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal plates should not be placed near 


input or output terminals of any MOS IC/LSls, since 
destruction of the insulation may result if they become 
electrostatically charged. 


. Equipment cases should provide shielding from electro- 


static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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DESCRIPTION 

The M37100M8-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or a 80-pin plastic 
molded QFP. This single-chip microcomputer is useful for 
the high-tech channel-selection system for TVs. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 


FEATURES 
e Number of basic instructions SET eERENe Ree ERE 69 
@ Memory size 
ROM eC ERE eee ER eee ee 16384 bytes 
RAM errr er re ir eee ee ee ra 320 bytes 


e Single power supply Cigale aeeetis anaes pees Wn ee beOaes 5V+10% 
@ Power dissipation normal operation mode 
(at 4MHz frequency, CRT display off)--:--:----- 27.5mW 
@ Subroutine nesting --1 96levels (Max. ) 
e Interrupt seme e emer cere ee ne nees see etersesses sees Otypes, 5vectors 
@ 8-bit timers 3 (2 when used as serial |/O,) 
@® Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P5, P6) Hnaiodrnacinecaehw wees owes 46 
@ Serial I/O (8-bit) eG Siw ad legen Ba eibe blond Wield. sisle AEH WRIA Sha ale einisle wee wed 2 
@ PWM function a 0S Bien © 94 8b i005 e Se Sia ale ele Ore ew He Sw inlo eis wees aie eye 14-bitX 1 
6-bit X 2 
@ Comparator ee ee i a | 


@ Two clock generating circuits 
(One is for main clock, the other is for clock function) 
® 63-character on screen display function 


Number of character::-::-----:::°: 21 characters X3 lines 
Character configuration :::::-*:-s:ssssrttre 12X16 dots 
Kinds of character PE a ee eee ee ee ee eee ea ee ee er eae ee 96 


Horizontal character border function 


APPLICATION 
TV 


Vee LL 

P6,/PWM5 <> 
P6,/PWM4 + 

1/0 port} P63/PWM3 ++ [4] 
P6 P62/PWM2 + [5] 
P6,/PWM1 + [6] 

P6./T + 

P2, +8) 

P2, +> [9] 

P2, + [10] 

1/0 port P2, +> (1 
P2 P2, + 
P2, + 

P2, + 

P2. +> 

P3,/Srova + LG 

P36/CLK, + 
P3s/Souta + L18! 

V/O port P3,/Siwa + LY 
P3 P3,/A-D + 
P3,/COUNT ++ 

P3, + 

P3y 

1/0 port} P53/INT, 
P5 P5./INTo + 
CNVss 
RESET «> 
Xin 


Reset input 


Clock input 


Clock output = Xoyz + 
Clock input for 


0 
clock function Xcin 


Clock output for Xqgyr — 
clock function 
Vss 


dSXXX-8WOO0LZEW 


PIN CONFIGURATION (TOP VIEW) 


64] > | 

—B 
—-G 
61} R 

160} > OUT 
+— Hsyno 
58} + Vsync 
++ Pd, 
+> PO, 
+> PO, 
54] +> PO, 
+> PO; 
+> PO, PO 
St] +> POs 

+> PO, 

49] ++ PO, 

48] > P1, 

+> PI, 

46] +> P1, 

45] +> Pts 1/O port 
44] +> P1, Me 
+ PI, 

+ Pl, 

41} ++ P1, 

40] +> P5, 

+> P5,/Sins 
+ P5s/Soure 
+> P5,/CLKp 
+> P57/Sroya 
hoses ai et 
+ OSC1 Oscillator input 


for display 
+ ¢ Timing output 


1/O port P4 


1/O port 


1/0 port 
PS 


Outline 64P4B 


dijaXXX-8WOOLZEW 


| 
S| 


PSs/Souts ** 
PS4/Sins 


Outline 80P6 
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M37100M8-XXXSP BLOCK DIAGRAM 


Clock input for 
clock function 
Clock output for 











Co aon ; Ele functor Reset input 
Timing output 7 : 
Xin XoutXcin Xcout ¢ RESET Veo Vss CNVss OSC2 OSC1 Vsync Hsyne OUT RG B 
= 0 a) Oe ee 0 ee ee 
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FUNCTIONS OF M37100M8-XXXSP/FP 







Instruction execution time 2us (minimum instructions, at 4MHz frequency) ; 
Clock frequency 
| ROM | 1638 Abytes 
Memory size 
s20bytes 
8-bitX1 (middle-voltage N-channel open drain) 










8-bitX2 
8-bitX1 


i ee 

pipe 

Pe We 

BG ROUT | Gutput___| 1bitx Wor ORT caplay incon) —~SCSCSC~C~S~S~S 
input | 


Input/Output ports 






O 
1-bitX2 (for CRT display function) 
/P5,,P53 sd O 2-bitX1 (can be used as an input for either INT» or INT;) 
P5,, P5,-P57 O 5-bitX1 
O 


P6o, P6, 2-bitX1 
P6-P6s5 0 4-bitX1 (middle-voltage N-channel open drain) 


Serial I/O 8-bitx2 
Timers 8-bit timerX3 (X2, when used as serial |/O,) 
Subroutine nesting 96levels ( max.) 


2 external interrupts, 6 internal interrupts, 



















1 software interrupt 





Two built-in circuits (externally connected ceramic or quartz crystal 
oscillator), both circuits have option feedback resistors 


5V+10% 
: CRT display function ON | 38. 5mW (clock frequency Xiy==4MHz, fort=6MHz) 
at high-speed operation : 
CRT display function OFF | 27. 5mW (clock frequency X;j=4MHz) 
at low-speed operation CRT display function OFF | 0. 33mW (clock frequency Xciw=32kKHz) 


at stop mode lcc=1“A (when clock ts stopped) 

12V (input/output PO, P6.-P6s, input RESET, CNVsgs) 
—0. 3 to Veco +0. 3V(P1, P2, P3, P47, P5, P69, P6;) 
0.5mA (PO, P1, P2, P3, P5, P62-P6s5 : 
output) 
0.5mA, —0.5mA (P47 : CMOS input/output, R, G, B, |, OUT, P69-P6, : 
CMOS output) 
Operating temperature range —10 to 70 


Device structure CMOS silicon gate process 
M37100M8-XXXSP 64-pin shrink plastic molded DIP 
Package 
M37100M8-XXXFP 80-pin plastic molded QFP 
| Number of character 21 characters X3lines 
CRT display function ; 
Kinds of character 96 (12X16 dots) 





Clock generating circuit 







Supply voltage 















Power dissipation 






















Input/Output voltage 








N-channel open drain input/ 





Input/Output charactertstics 





Output current 
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PIN DESCRIPTION 


Input/ 


Functions 
Output 


Supply voltage Power supply inputs 5V+10% to Vcc, and OV to Vss 


Voc ’ 
ss 


RESET Reset input 


whe 





This is connect to Vss. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 

XIN Clock input These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xiy and Xouyr pins and external 
condensers are connected. If an external clock is used, the clock source should be connected to the Xjny 
pin and the Xour pin should be left open 


Output This is the timing output pin In single-chip mode, the output can be controlled by selecting the option 


These are the !/O pins of the clock generating circuit for the clock function To contro! generating frequen- 
cy, an external ceramic or a quartz crystal oscillator is connected between the Xciy and Xcour pins and ex- 
ternal condensers are connected If an external clock is used, the clock source should be connected to the 
Xcin pin and the Xcour pin should be left open 


Clock output 


Xout 


Timing output 










Clock input for clock 
function 


Xcin 





Xcout Clock output for clock 


function 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is middle-voltage N-channel 
open drain 


PQ9-P07 1/O port PO | 
P19-P17 1/O port P1 | 
| 


/0 
/O 
P2 -P2, | I/O port P2 /0 
1/0 


P39-P37 i/O port P3 
P4, I/O port P4 1/0 Port P47 is a 1-bit 1/O port and has basically the same functions as port PO, but the output structure Is 
CMOS output. 


i, B, G, R, | CRT output 

OUT 

aii 
“ms “ 


I/O port P5 1/0 These ports have basically the same functions as port P1, and are in common with interrupt input pins 


P54, These ports have basically the same functions as port P1. When serial |/Og is used, P57, P5g, P5s and P5, 
P5,-P57 work aS Sepys, CLKs, Souts and Sing pins, respectively. 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO but the output structure Is 
N-channel open drain It can be built in pull-up transister at each pin by selecting the option. 


Port P2 is an 8-bit I/O port and has basically the same functions as port P1 


Port P3 is an 8-bit I/O port and has basically the same functions as port P1 When serial I/O, is used, P37, | 
P3.¢, P35, and P3, work as Srpya, CLKa, Souta, and Siwa pins, respectively. P33, works as an analog input for 
comparator and P32 works as a counter input 











This ts a 5-bit output pin for CRT display. 


The output polarity can be changed by selecting the option At reset, inactive polarity is selected 
The output structure is CMOS output 





This is the horizontal synchronizing signal input for CRT display. The input polarity can be changed by 
selecting the option. 


This 1s the vertical synchronizing signal input for CRT display The input polarity can be changed by select- 
ing the option 








P69-P65 1/O port P6 1/0 Port P6 is a 6-bit I/O port and has basically the same functions as port PO The output structure of P69, P6, 
is CMOS output and the output structure of P62-P65 is middle-voltage N-channel open drain P6o, P61, P6o, 
P63, P64, P6s can be programmed to function as timer output pin (T), PWM output pins (PWM1, PWM2, 
PWM3, PWM4 and PWM5), respectively 

OSC1, Clock input for CRT display This ts the 1/O pins of the clock generating circuit for the CRT display function 

OSC2 Clock output for CRT display To control generating frequency, external condensers and registers are connected. 
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FUNCTIONAL DESCRIPTION ¢ RAM 

Central Processing Unit (CPU) RAM is used for data storage as well as a stack area. 

The M37100 microcomputers use the standard MELPS 740 «ROM 

instruction set. For details of instructions, refer to the ROM is used for storing user programs as well as the inter- 

MELPS 740 CPU core basic functions, or the MELPS 740 rupt vector area. . 

Software Manual. ¢ RAM for display 

Machine-resident instructions are as follows: RAM for display is used to specify the character to be dis- 

The FST and SLW instructions are not provided. played on the CRT and its color. 

The MUL and DIV instructions are not provided. e Interrupt Vector Area 

The WIT instruction can be used. The interrupt vector area is for storing jump destination 

The STP instruction can be used. addresses used at reset or when an interrupt is generated. 
e Zero Page 

MEMORY Zero page addressing mode is useful because it enables 

* Special Function Register (SFR) Area access to this area with fewer instruction cycles. 

The special function register (SFR) area contains the reg- * Special Page 

isters relating to functions such as |/O ports and timers. Special page addressing mode is useful because it en- 


ables access to this area with fewer instruction cycles. 


RAM(192 bytes) 
Zero page 
00BF 1, Roe 


00D0,¢ 
OOFFig 


010046 


RAM(128 bytes) | 


017Fie 


200016 
RAM for display 


(213 bytes) 


ROM(4K bytes 
(4K bytes) Special page for 


subroutine call 
Interrupt vector area 





Fig. 1 Memory map 
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00D01¢ 
00D1i¢ ‘Port P3 directional register 

00D2,., | Vertical position register of block 2 Port P4 

00D31¢ 
00D41¢ | Color register 0 . 
00D51¢ | Color register 1 
00D616 
00D746 
00D8,¢ | CRT control register 
00D9,,¢ | Display block counter 
ODA. 
0ODB i. 
00DC 1. 
00DDi6 
Serial 1/O, mode register 

00DF 16 
00E0;¢ 
O0E1i6 PWM output control register 

00E216 Timer4 

00E3i¢ Interrupt control register 2 

00E416 Timer 2 : 

00E5:6 Timer 3 

O0OE6i¢ We © ee ee ed Interrupt control register 1 

00E71¢ Timer control register 








Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 9 different events consisting of 
two external, six internal, and one software event. 

Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed in- 
terrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 

Falling edge active or rising edge active for each of the 
INT, and INT, external interrupts can be selected by bits 4 
and 5 of the PWM control register. Whether the INT, and 
INT, external interrupts or the CRT display and serial I/O, 
interrupts are to be accepted can be selected by bits 0 
and 1 of interrupt control register 2. 


Table 1. Interrupt vector address and priority. 


Vector addresses 


Whether the timer 1 or serial I/O, interrupt is to be 
accepted can be selected by bit 2 of the serial |/O, mode 
register. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits and the interrupt enable bits are in inter- 
rupt control register 1 and timer control register. Figure 3 
shows the structure of the interrupt contro! registers 1 and 2 
and timer control register. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “0”. The 
interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 4 shows interrupts control. 


Remarks 


Pea | FFFFi¢, FFFEi6¢ Non-maskable 


INT, or CRT display interrupt 
Timer 3 interrupt 


ae ae FFFDi¢6, FFFCi.¢ INT, external interrupt (phase programmable 
FFFBi, FFFAwe {| Cd 


2 


INTs or serial 1/Og interrupt 
(BRK instruction interrupt) 


EFF5.<.. FFE4 INT2 external interrupt (phase programmable) 
a ie BRK instruction interrupt (non-maskable software interrupt) 
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7 0 
Interrupt control register 1 a | 7 “4 | pe ac eo : 
adaress 16 


(address OOFE,.) 


INT2/serial [/Og interrupt enable bit INT,/CRT display interrupt selection bit 
0 : Interrupt disable O : INT, interrupt 
1 : Interrupt enabled 1 : CRT display interrupt 


INT2/serial |/Og interrupt request bit INT2/serial [/Og interrupt selection bit 
0 : Interrupt disable 0 : INT>2 interrupt 
1 : Interrupt requested 1 : Serial |/Og interrupt 


Timer 1/serial |/O, interrupt enable bit 
0 : Interrupt disable 
1: Interrupt enabled 





Timer 1/serial |/O, interrupt request bit Timer control register 


0 : Interrupt disable (address OOFF¢) 
1 ° Interrupt requested 
Timer 3 interrupt enable bit 





Timer 2 interrupt enable bit 
0 : Interrupt disable 
1 °: Interrupt enabled 


0 : Interrupt disable 
1 : Interrupt enabled 


Timer 3 interrupt request bit 
0 : Interrupt disable 
1 : Interrupt requested 


Timer 2 interrupt request bit 
0 : Interrupt disable 
1 : Interrupt requested 


INT,/CRT display interrupt enable bit 
0 : Interrupt disable 
1° Interrupt enabled 


INT,/CRT display interrupt request bit 
0 : Interrupt disable 
1° Interrupt requested 





Fig. 3. Structure of registers related to interrupt 


Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag | 


BRK instruction Interrupt request 
reset 





Fig. 4 Interrupt control 





_ 
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TIMER 

The M37100M8-XXXSP/FP has three timers; timer 1, timer 
2 and timer 3. 

A block diagram of timer 1 through 3 is shown in Figure 6. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3 and 4 of the timer control register (address 
OOFF,.), as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
“0” and the next count pulse is input to a timer, the con- 
tents of the reload latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n+1), where n is the contents 
of timer latch. 

The timer interrupt request bit which is in the interrupt con- 
trol register 1 or timer control register (located at addres- 
ses OOFE;g and OOFFig respectively) is set at the next 
count pulse after the timer reaches “0” (see interrupt 
section). 

The starting and stopping of timer 2 is controlled by bit 5 of 
the timer control register. If the bit 5 is “O”, the timer starts 
counting, and the bit 5 is “1”, the timer stops. 

At a reset or stop mode, FF, is automatically set in timer 2 
and 07,1, in timer 3. 

After a STP instruction is executed, timer 3, timer 2, and the 
clock (¢ divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if timer 3 interrupt request bit is set 
to “1”, or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 2 
count stop bit) must be set to “0”. 

For more details on the STP instruction, refer to the oscilla- 
tion circuit section. 





Timer control register 
(Address O0FF,¢) 


Processor mode bit 
00 : Single-chip mode 
01 : Microprocessor mode 
10 : Not used 
‘11 | Eva-chip mode 


Timer 1 count source selection bit 
0 : ¢ divided by 4 
1 : Timer 3 overflow 


Timer 2 count source selection bit 
0 : ¢ divided by 4 
1 : Clock for the clock function (Xow) 


Timer 3 count source selection bit (Note) 
0 : Timer 2 overflow 
1 : P38, port input 


Timer 2 count stop bit 
0 : Count start 
1 : Count stop 


Timer 3 interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enabled 


Timer 3 interrupt request bit 
0 : Interrupt disable 
1 : Interrupt requested 


Note : In case that P3. port input is selected as the timer 3 count 
source, the counter is decreased at a rising edge of tnput 
signal 





Fig. 5 Structure of timer control register 
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Data bus 
8 
~ 
: 1 i ; 
1/2 
—— 
OF 4 BO 4 > 
Xin 


Internal clock ¢ 
(Normally Xi divided by 4) 


Timer 2 (8) 5 


Timer 3 latch 


(8) 


Timer 3 (8) 
| Timer 1 latch 
(8) 


5 Timer1 (8) rE 
P6p latch 
< Nf 








0716 


P32 









P6,/T SM, 
e CLK, P SM;, SMo 
P3¢ 
~\ | Synchronous 
clock | 
@ Serial |/O, counter 
| (3) 
SM, SMo2 . 
P35 SM 
SMo PM 
SINA | Serial 1/O, O- 
@ register (8) 
P34 
SM3 
: eS Srpyva C | 8 
P3; } 


Fig. 6 Block diagram of timer 1 through 3 





Reset 


STP instruction 


Timer 2 interrupt request bit 


Timer 3 interrupt request bit 


Timer 1 or serial I/O, interrupt 
request bit 


> Timer control register 
: Serial 1/O, mode register 


: PWM output mode register 


Select gate : 


at reset, shaded side ts connected 
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SERIAL 1/O 
M37100M8-XXXSP/FP has two serial I/O (serial |1/O, and 


serial I/Os). 


SERIAL 1/O, 

The block diagram of serial 1/O, is shown in Figure 7. In 
the serial |/O, mode the receive ready signal (Srpya), syn- 
chronous input/output clock (CLK,), and the serial I/O, 
(Souta Sina) pins are used as P37, P3., P35, and P3,, re- 


¢ divided by 4 


spectively. The serial |/O, mode register (address 00F6,,) 
is an 8-bit register. Bit 0 and 1 of this register is used to 
select a synchronous clock source. When these bits are 
(00) or (01), an external clock from P3, is selected. When 
these bits are (10), the overflow signal divided by two from 
timer 1 becomes the synchronous clock. Therefore, chang- 
ing the timer period will change the transfer speed. When 
the bits are (11), the internal clock ¢ divided by 4 becom- 
es the clock. 


from internal clock ¢ 


divided by 4 or Timer 3 


(Address 00F7;.) lf 
Data bus 


Internal system clock generation selection 
0 : Xin-Xour Selection (normal mode) 
1: Xcn-Xcour selection (low-speed mode) 


Clock (Xin-Xour) stcp bit 
0 : Oscillate 
1 : Stop 





P6,/T output function selection bit 
0 : Sync mode (EAROM clock input signal generation) 
1 : Asynchronous mode 


Output of clock port selection bit (P69) 


0 : P6 (Normal I/O port) 
Te cea 


Fig. 7 Block diagram of serial /On 





Timer 1 (8) 
(Address 00FA;,) 


= 


to timer 1 or 
serial |/O, interrupt 
request bit 


BB Serial 1/O, mode register 
(Address 00F6,,) 


Synchronous clock selection bit 


0 
14 External clock 

1 0 : Timert overflow signal divided by 2 
11: Timing ¢ divided by 4 


Serial !/O, port selection bit (P34, P3,;) 
0 : Normal 1/O port 
1 : Serial 1/O port 


Savy, Signal output selection bit (P3,) 
0 : Normal I/O port 
1: Sppy, Output pin 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial 1/O, or not. When bit 2 is “1”, P8g becomes an I/O 
pin of the synchronous clock. When an internal syncnronous 
clock is selected, the clock is output from P3.. If the exter- 
nal synchronous clock is selected, the clock is input to P3.z. 
And P3; will be a serial output, and P3, will be a serial in- 
put. To use P3, as a Serial input, set the directional register 
bit which corresponds to P3,, to “0”. For more information 
on the directional register, refer to the I/O pin section. 

To use the serial I/O,, bit 2 needs to be set to “1”, if it is 
“QO” P38, will function as a normal I/O. Interrupts will be 
generated from the serial |/O, counter instead of timer 1. 
Bit 3 determines if P37 is used as an output pin for the re- 
ceive data ready signal (bit 3= “1”, Sanya) or used as a 
normal I/O pin (bit 3=“0”). 

The function of serial |/O, differs depending on the clock 
source; external clock or internal clock. 

Internal Clock- The Sanya signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O, 
register. After the falling edge of write signal, the Srpya 





Synchronous clock 


Transfer clock 


Serial I/O register write signal — 


Serial 1/O output 


Souta 


Serial 1/O tnput 
SINA 
Receivable signal 


Srpya 


Fig. 8 Serial I/O, timing 


Transmission side 


Serial |1/O, mode register 


bit 3 bit 0 


ott fe 


Set the directional 
register for P37 pin 
In input mode 


LP KP KOT X Os KO KOs _X_De ) 





Synchronous clock 


signal becomes low signaling that the M37100M8-XXXSP is 
ready to receive the external serial data. The Srpya signal 
goes “H” at the next falling edge of the transfer clock. The 
serial |/O, counter is set to 7 when data is stored in the se- 
rial I/O, register. At each falling edge of the transfer clock, 
serial data is output to P3,;. During the rising edge of this 
clock, data can be input from P38, and the data in the serial 
I/O, register will be shifted 1 bit. Data is output starting 
with the LSB. After the transfer clock has counted 8 times, 
the serial |/O, register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 
bit will be set. 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 8, and connection be- 
tween two M37100M8-XXXSP’s are shown in Figure 9. 


D; 


| 
| 
I 
| 
| 
| 
| 
] 
| 
| 


Interrupt request bit set 


Reception side 


Serial |1/O, mode register 
bit 3 bit 0 


ce a Ea 


Set the directional 
register for P34 pin 
In input mode 


_~ 


Serial data 


Fig.9 Example of serial I/O, connection 
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SERIAL I/O, 


The block diagram of serial |/Og is shown in Figure 10. In 
the serial |/Og mode the receive ready signal (Sppys), syn- 


chronous input/output clock (CLKg), and the serial !/O,- 


(Sours, Sins) pins are used as P57, P5., P5s, and P5,, re- 
spectively. The serial |/Og mode register (address O0DA\.) 
is an 8-bit register. Bit 1 of this register is used to select a 
synchronous clock source. When this bit is “0”, an external 
clock from P3, is selected. When this bit is “1”, the over- 
flow signal divided by two from clock counter 0 becomes 
the synchronous clock. 

Clock counter 0 is a 8-bit down counter to provide synchro- 
nous clock for serial 1/Og. This counter divides internal 
clock ¢. Structure of clock counter 0 is the same of timers. 
Therefore, changing the timer period will change the trans- 
fer speed. 

Bits 2 and 3 decide whether parts of P5 will be used as a 
serial !/Og or not. When bit 2 is “1”, P5g— becomes an I/O 
pin of the synchronous clock. When an internal synchronous 


Xn O—-fV/4 


wy, 
Xon () 


control 


CLK,s/SCL 


Souts/SDA 


P55 


Fig. 10 Block diagram of serial I/O, 


Internal clock 


| Ls 
circuit 
& 
P55 


7 0 
7 0 


clock is selected, the clock is output from P5g. If the exter- 
nal synchronous clock is selected, the clock is input to P5.. 
And P5; will be a serial output, and P5, will be a serial in- 
put. To use P5, as a serial input, set the directional register 
bit which corresponds to P5,, to “0”. For more information 
on the directional register, refer to the I/O pin section. 

To use the serial I/Og, bit 2 needs to be set to “1”, if it is 
“0” P5z, will function as a normal I/O. Bit 3 determines if P57 
is used as an output pin for the receive data ready signal 
(bit 3=“1", Spoye) or used as a normal I/O pin (bit 3=“0”). 
Bit 4 is the special mode select bit. Serial |1/Og can be set 
to special mode by using this bit. Bits 0, 5, 6, and 7 are 
used for special mode. For details, see the section of spe- 
cial mode. 

In the normal mode, operations of serial !/Og are the same 
as that of serial |/O,. For details, see the section of serial 
1/On. 





Clock counter 0 (8) 


(Address 00DD,.) : 


1/2 


. Sync hal Serial 1/Og : 


counter (4 |} Sertal I/O interrupt 


Serial |/Og mode register 
(Address O0DAij¢) 


Special mode register 
(Address 00DBi.) 
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SPECIAL MODE (I?7C BUS:INTER IC BUS”) 
M37100M8-XXXSP/FP has a special serial I/O circuit that 
can be reception or transmission of serial data in conformity 
with I?C (Inter IC) bus format. 

I27C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37100M8-XXXSP/FP’s special serial I/O is not included 
the clock synchronisation function and the arbitration de- 
tectable function at multimaster. 

Operations of master transmission and master reception 
with special serial |1/O are explained in the following: 

(1) Master transmission 

To generate an interrupt at the end of transmission, set bit 
1 of interrupt control register 2 (address OOFB,,) to “1” so 
as to serial |/Og interrupt is selected. Then set bit 0 of in- 
terrupt control register 1 (address OOFE,,) to “1” so as to 
serial |/Og interrupt is enabled. Clear the interrupt disable 
flag | to “O” by using the CLI instruction. 

The output signals of master transmission SDA and SCL are 
output from ports P5; and P5,. Set all bits (bits 5 and 6) 
corresponding to P5, and P5,g of the port P5 register 
(address OOEC,,) and the port P5 direction register 
(address OOED;,) to “1”. 

Set the transmission clock. The transmission clock uses the 
overflow signal divided by 2 from clock counter 0. Set 
appropriate value in clock counter 0. (For instance, if 4 is 
set in clock counter 0 when f(Xiy) is 4MHz, the master 
transmission clock frequency is 100kHz). 

Set contents of the special mode register (address 
00DB,,). (Usually, 03,5.) Set the bit 4 of serial |/Og mode 
register (address O0DA;,). Figure 13 shows the bit con- 
figurations of special mode register and serial |/Og mode 
register. 

Initial setting is completed by the above procedure. 

Write data to be transmitted in the serial |/Og register 
(address 00DC,,) .Immediately after this, clear bits 0 and 1 
of special mode reigister (to “0”) to make both SDA and 
SCL output to “L”. This is for arbitration. The start signal has 
been completed. . 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK receiving and the output level 
becomes “H” at this clock. If other master outputs the start 
signal to transmit data simultaneously, it is not detected as 
an arbitration-lost. 

When the ACK bit has been transmitted, bit 1 of the timer 
control register is set to “1” (issue of interrupt request) , 
notifying the end of data transmission. 

To transmit data successively, write data to be sent to the 
serial |/Og register, and set the interrupt enabled state 
again. By repeating this procedure, unlimited number of 
bytes can be transmitted. 

To terminate data transfer, clear bits O and 1 of the special 
mode register to “0”, set bit 1 clock SCL to 1, then set bit 1 


data SDA to “1”. This procedure transmits the stop signal. 
Figure 11 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, setmaster reception ACK provided 
(36,6) in the serial |1/Og mode register (address 00DBy¢), 
and write “FF,,” in the serial I/O, register (address 
00DC;.,). This sets data line SDA to “H” and to perform 8- 
clock master reception. Then, “L” is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 

Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 12 shows master reception timing. 

(3) Wait function 

Wait function 1 is held SCL line up “L” level after falling of 
the 8th clock. 

Wait function 2 is held SCL line up “L” level after falling of 
the 9th clock. 

The wait function is reset by setting bit 5, 6 of the special 
mode register to “1”. 


* :Purchase of Mitsubishi Electric Corporation’s 1?C compo- 
nents converys a license under the Philips I?C Patent 
Rights to use these components in an I?C system, provided 
that the system conforms to the I?C Standard Specification 
as defined by Philips. 
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Fig. 11 Master transmission timing 





Reception data 


P5s/SDA 1 1 { ' ‘ 
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P5¢/SCL 


P55/SDA 


Lewd we te ede  t  L 


P5¢/SCL 





Fig. 12 Master reception timing 


1 : Transmission mode 


Synchronous clock select bit 
O : External clock 
1: Clock counter 0 divided by 2 


Serial |/Og select bit 
QO : Parallel port 
1: Serial 1/O port 


Srpys Signal output select bit 
0 : Parallel port 
1 : Srove signal output pin 


Special mode select bit 
0 : Normal serial 1/O 
1 : Special mode 


ACK operation select bit 
0 : ACK ts not sent or received 
1 : ACK ts sent and received 


Start signal detect bit (Note 1) 
0 : Start signal ts not detected 
1 : Start signal was detected 


Stop signal detect bit (Note 1) 
0 : Stop signal is not detected 
1 : Stop signal was detected 


et Serial |1/Og mode register eile te lid ie 1T Special mode register 
* (address O0DAia) - _ : (address OODBi.¢) 
Transmission and reception mode select bit * Data line contro! bit (Note 2) 
0 : Reception mode 0 : SDA outputs “L” 





1 : SDA outputs “H” 


Clock line control bit (Note 2) 
0 : SCL outputs “L” 
1 : SCL outputs “H”. 


ACK recognition bit (Note 1) 
0 : ACK was received 
1 : ACK 1s not received 


Wait function 1 enable bit (Note 3) 
0 : Wait function 1 1s disabled 
1 : Wait function 1 ts enabled 


Wait function 2 enable bit (Note 3) 
0 : Wait function 2 is disabled 
1 2 Wait function 2 is enabled 


Wait function 1 acceptance and 
operation display bit (Note 4) 

0 : Wait function 1 is not functioning. 
1 2 Wait function 1 is functioning 
Wait function 2 acceptance and 
operation display bit (Note 4) 

0 : Wait function 2 is not functioning. 
1 : Wait function 2 is functioning. 


: This bit is for read only When “1” is written to this bit, it is reset 

: The “L” or “H” output to the SDA or SCL line ts the value to be output from this port, not the value currently held 
by the SDA or SCL line 

: Wait function 1 maintains the SCL line to “L” after the 8th bit clock pulse has fallen in the special mode 
Wait function 2 maintains the line to “L” after the 9th bit clock pulse has fallen 

: The wait function is canceled by writing “1” to these bits 





Fig. 13 Structure of registers related to serial /Oz 
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PWM OUTPUT CIRCUIT 

(1) Introduction 
The M37100M8-XXXSP is equipped with one 14-bit 
PWM and four 6-bit PWMs. The 14-bit resolution gives 
PWM1 the minimum resolution bit width of 500ns (for 
Xin = 4MHz) and a repeat period of 8192us. PWM2, 
PWM3, PWM4 and PWM5 have a 6-bit resolution with 
minimum resolution bit width of 164s and repeat period 
of 1024s. Accuracy and operation range is certified of 
PWM are Vcc = 4.5 to 5.5V regardless of input- fre- 
quency. 
Block diagram of the PWM is shown in Figures 14. 
The PWM timing generator section applies individual 
control signals to PWM1-PWM5, using clock input Xjy 
divided by 2 or Xcin divided by 2 as a reference signal. 

(2) Data setting 
The output pins PWM1, PWM2, PWM3, PWM4 and 
PWM65 are in common with pins P6,, P62, P63, P64, and 
P6; of port P6 (i.e. for PWM output, PWM output selec- 
tion bits and the P6 directional register D6,-D6, should 
be set). When PWM1 is used for output, first set the 
higher 8-bit of the PWM1-H register (address 00F0,,), 
then the lower 6-bit of the PWM1-L register (address 
OOF1,5). When one of the PWM2-PWM5 is used for 
output, set the 6-bit in the PWM2-PWM5 register, re- 
spectively. Note that the higher 2 bits of these 8-bit 
registers are ignored when used 6-bit register. 

(3) Transferring data from registers to latches 
The data written to the 6-bit PWM register is transfer- 
red to the PWM latch in each 6-bit PWM cycle period. 
For 14-bit PWM, the data is transferred in the next up- 
per 8-bit period after the write. The signals output to 
the PWM pins correspond to the contents of these 

‘ latches. When data at addresses 00F0,,¢ to 00F4,, and 

OOF8,, is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. When the 6-bit latch is being read, the upper 2 
bits of the register becomes undefined. However, bit 7 
of the PWM1-L register indicated the completion of the 
data transfer from the PWM1 register to the PWM1 
latch. If bit 7 is “O”, the transfer has been completed, if 
bit 7 is “1”, the transfer has not yet begun. 

(4) Operation of the 6-bit PWMs 
The timing diagram of the two 6-bit PWMs (PWM2- 
PWM5S) is shown in Figure 15. One period (T) is com- 
posed of 64 (2°) segments. 
There are six different pulse types configured from bits 
0 to 5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 15 (a). 
Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5 to 
0 is selected. The PWM output is the difference of the 


sum of each of these pulses. Several examples are 
shown in Figure 15 (b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. 

(5) 14-bit PWM operation 
The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 16. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N timers 7 is output 
every short area of t=256 tT =128us as determined by 
data N of the higher 8 bits. (Refer to PWM output @ in 
the lower part of Figure 16.) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that puls 7. As a result, 
the short-area period t (=128ys, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 
At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 


Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 


6 lower-order bits of data| Area longer by 7 than that of other tm;(m = 0 to 63) 


000000 | Nothing 
} 000010 | m=16,48 
m= 8, 24, 40, 56 
m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


100000 | M=1,3,5, 7, cc 57, 59, 61, 63 
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PWM1-L register 
(address 00F1,¢) 











PWM1-H register 
(address 00F0;,) 





x» 
PWM1 latch 
(14-bit) 












bit O 








PWM4 register 


PWM5 register 
(address 00F4,,) 


(address 00F8,,) 





~’. 





Selection gate : connected to black 


Pass gate 


colored side when reset. 


1 


“+ P6,/PWM1 


: 


(4MHz) (2MHz) P6. D6 
PM 2 U6, 
Q Va (1024us period) DO 
P6./PWM2 
7 aa } PN de > 
SED 
6-bit PWM circuit 6-bit PWM circuit 
P63 D63 
6 O © 
ies ak PWMs3 latch 
6-bit (6-bit) P6./PWM 
r—L) P6s M3 
Eel | ENE ig ae Bb 
LSB 7 PM3 q 
bit 0 
P6, D6, 
PWMs3 register OO 
(address 00F3,,¢) 
_p—O P6./PWM4 
PNs® wy, , 
Se vie eae 1 
6-bit PWM circuit 
P6, D6; 
O © 
PWM5 latch 
rrr ites = orden 
yy, \ O 
LSB > PN; pd 
x) 


PM : PWM control register 


PN - PWM output control register 
D6 : Port P6 directional register 


Data bus P6 : Port P6 register 


Fig. 14 Block diagram of the PWM circuit 
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Pulses showing the weight of each bit 


Contents 
of the latch 


When 0046 


When 01 16 


When 1846 
(24) 


When 2816 
(40) 


When 3Bis 
(59) 


When 3F 46 
(63) 


When output 1s lower 6 bits of PWM1 t=128us T= 8192us 
When output is PWM2-PWM5 t= 16us T = 1024us 
when f( Xin) =4MHz 


(b) Example of 6-bit PWM output 





Fig. 15 6-bit PWM timing diagram 





MITSUBISHI MICROCOMPUTERS 


M37100M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 





Data in address OOFOi¢ is #6Ai¢ Data in address OOFO,, is # 7Bi. 
register 5916 6Ar6 7Bi6 
Data in address O0F1i¢ is #2446 Bit 7 reset after transfer Data is address O0F1ig is #3546 


PWMI1-L 
A4ie Register to latch tranfer BSi6 Register to latch tranfer 
ee 1653: Wy 1AA4, 1AA4y TAA 6 Ms 1EF5i6 


A__ When bit 7 of PWM1-L is “0” register 





T= 8192us to latch transfer will not occur 
(64X128us) 
a ee t= 128us i eee 
io aie ; ae 
] 
(Example!) 6a Jes GA 6B 6A 6B GA 6B 6A 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B GA 6B GA 6B GA I6B GA 
PWM1 output 
® 

lower 6 bits ' : 

output_} 5 5 23 5 5 5 5 5] 45 5 5 
(When H BAis, 

L24;6) 6B, - 36 times 6Ai6s 280 —————>  106X644+36 

(107) (106) times 

(Example2) 6, |6a 6A 6A 6B 6A 6B 6A 6B GA 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B |6A 6A 
PWM1 output | 
lower 6 bits 

output 4 3 4 4 3 4 4 3 4 
(When ae 6Big--- - 24 times 'BAie-- - 40 times ——> 106X64+24 

16 
meee eee = 128us ego oer 


(2560. 5us) 
Minimum bit resolution width} z =0, 5us 








| PWMI1 output Meee eee ag Kean 
> 6A {69 168! 67! ----- F020] 
ADD 
8-bit counter eae 102! 01'00/FFIFE!FDIFC! ----- 197196195! > 


eae 


High/low-level of the ADD | High-level area output, the length 

section 1s determined by of which is specified PWM-H 
the data contained tn 
the lower 6 bit 





256 t (128us) standard 


Fig. 16 14-bit PWM timing diagram 
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7 0 
PWM control register PWM output control register 
Bes OOF5,.6) Ss Ld i | is (Address O0F9,¢) 


: PWM1, PWM2, PWM3, PWM4, PWM5 PWM1 output polarity selection bit 


count source selectonenit PWM2 output polarity selection bit 
0 : Supply 
1 : Stop 








PWMs$ output polarity selection bit 


P6,/PWM1 output selection bit PWM4 output polarity selection bit 
0 : Parallel port 
1 > PWM1 output 


PWM65 output polarity selection bit 
0 : Positive 
1 : Negative 

P62/PWM2 output selection bit 
0 : Parallel port 


1 2 PWM2 output P6s/PWM5 output selection bit 


0 : Parallel port 


P63/PWM3 output selection bit | + PWMS output 


0 : Parallel port 
1 : PWMS output 


INT, input reverse bit 
0 : INT (leading-edge interrupt request) 
1 : INT (trailing-edge interrupt request) 


INT». input reverse bit 
0 : INT (leading-edge interrupt request) 
1 : INT (trailing-edge interrupt request) 


P6/T output selection decision bit (reading only) 
0 : Parallel port 
1 : Output is 1/2 that of timer 1 


P6,/PWM4 output selection bit 
0 : Parallel port 
1 > PWM4 output 





Fig. 17 Structure of registers related to PWM 
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PORT P6,./TIMER 1 OUTPUT 

Bit O of port P6 outputs 1/2 the frequency of timer 1 when 
bit 4 (SM,) of the serial 1/O, mode register (address 
OOF6,,) is set to “1”. The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SM;) of the serial 1/O, mode register. 

When SMsz is set to “O” the synchronous mode is set. In 
such a case, after SM, has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching: be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 of the PWM control register. 


From the time that the contents of SM, was changed to the 
point where switching completes, the contents of neither 
SM, nor P69 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during switching. Figure 18 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 

When SM,sz is set to “1”, the asynchronous mode is set. In’ 
this case, the output switching occurs directly after SM, has 
been changed. Figure 18 (b) gives an example of timing in 
the asynchronous mode. 


| 

1/2 of T1 | | : | 
| 
| 


PMg | 
ste 


Latch output | 


Timer output 


| 
| 
P6, latch | | 


| 
P6)/T output | | 


(a) Synchronous mode (SMs=0) 


Latch output | 


Timer output 


| 
| 

P6, latch ) | 
| 


P6./T output | | | 


(b) Asynchronous mode (SM;=1) 


Note 1: 





Output switching occurs at the trailing edge of timer 1 divided signal when the value of the P6p latch is “O” and 


at the leading edge of timer 1 divided signal when the value of the P6, latch is “1”. 





Fig. 18 P6./T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 19. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, A-D control register 
(address 00E7,,), and analog signal input pin (P33/A-D) . 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. 

The 5-bit A-D control register can generate 1/16Vc¢c--step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 

The data is compared by setting the directional register 
corresponding to port P33 to “0” (port P33, enters the input 
mode), to allow port P3,/A-D to be used as the analog in- 
put pin. The digital value corresponding to the internal ana- 
log voltage to be compared is then written in the A-D con- 
trol register (address 00E7,,), bits 0 to 3. The voltage com- 
parision starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the A-D control register, bit 4. Bit 4 is “1” when 
analog input voltage > internal analog voltage and “QO” 
when analog input voltage < internal analog voltage. 

When voltage is compared to by setting bits 0 to 3 of the 
comparator register “0”, bit 4 of the A-D control register be- 
comes “1” regardless of the analog input voltage. 





Table 3. Relationship between the contents of 
A-D control register and internal voltage 


A-D control register Internal analog voltage 
bit 3 bit 1 | bitO | : : 
1/16Vcco—1/32Vec 
0 


2/1 6Vcc—1 /32Vec 
3/1 6Vcc—1 /32Vec 


4/1 6Vcc—1 /32Voc 
0 



























5/16Voo—1/32Veco 
6/16Vec—1/32Vec. 
7/16Vogo—1/32Vec 
8/16Vogo—1/32Voc 
9/16Voo—1/32Voc 
10/16Veg6—1/32Vec 
11/16Vg6—1/32Vec 
12/16Vo6o—1/32Voc 
13/16Veo—1/32Voc 
14/16Veo—1/32Vec 
15/16 Voo—1/32Vec 








— 

































































Data bus 


(Address 00E8 4.) 


Comparator control 
circuit 


P33 ©) 
Analog input voltage 


Internal analog voltage 


Fig. 19 Comparator Circuit 





Output of 

comparator 4 

result 
A-D control register 
(Address 00E7;.) 


| 
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CRT DISPLAY FUNCTIONS 


(1) Outline of CRT Display Functions 
Table 4 outlines the CRT display functions. The M37100M8- 
XXXSP incorporates a 21 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. 

Up to 96 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 20) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 

Set the character to be displayed in display RAM. 

Set the display color by using the color register. 
Specify the color register in which the display color is 
set by using the display RAM. 

Specify the vertical position and character size by us- 
ing the vertical position register. 

Specify the Horizontal position by using the horizontal 
position register. 

Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync signal. 


©e © &® O89 








Fig. 20 CRT display character configuration 





The CRT dispiay circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 22 shows a block diagram of the CRT display control 
circuit. Figure 21 shows the structure of the CRT display 
control register. 


Table 4. Outline of CRT display functions 


2|\characters X 3 lines 


12X16 dots (See Figure 20) 


Parameter 
Number of display character 
Character configuration 


Kinds of character 96 


Character size 4 size selectable 


Kinds of color 
Coloring unit a character 
Display expansion Possible (multiple lines) 








CRT control register 


i | | | Y (agaress O0EA;,) 
Display of all blocks control bit (Note 1) 
0 : Display of all blocks off 
1: Display of all blocks on 
Display of block 1 control bit 
0 : Display of block 1 off 
| 1 : Display of block 1 on 
Display of block 2 control bit 


0 : Display of block 2 off 
1 : Display of block 2 on 


Display of block 3 control bit 
0 : Display of block 3 off 


1 : Display of block 3 on . 
Block 1 color select mode switch bit 


0 : Normal mode 
1 : Half character width color select mode 


Multiple lines display interrupt enable bit 
(Note 2) 
0 : Interrupt is disabled 
1 : Interrupt request occurs 
at every line display 
Scanning line double count mode bit 
0 : Normal mode (256 lines) 
1 : Double count mode 


: Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit 

: The multiple lines display interrupt request 
occurs only when CPU is operating at the inter- 
nal clock frequency when f( Xin) =4MHz 


Fig. 21 Structure of CRT control register 
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(Address 00D4,¢ to 00D7,,) 


OSC1 OSC2 — Hsync Vsync 
C) C) C) & 


(Address 00D8,.) 


CRT control register 


(Address 00D1,, to 00D3,.) 





Clock generating 


‘; circuit 5 


Display position control circuit 


ROM for display I 


12-bit X16 X96 










Character 





Vertical position register 





size 





register 












RAM for display 






9-bit X21 X3 







Display 


control 








‘circuit 


Shift register 





Color register 






12-bit 






Output circuit 


O & O ©) 2 
R G B 


Fig. 22 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a “block.” There are three blocks, block 1 to block 3. 
Up to 21 characters can be displayed in one block. (See 
(4) RAM for Display.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 64-step display positions for each block in units of four 
scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 25), a block of the smaller block 
No. (1 to 3) is displayed. 


Vertical position register 
(Address 00D1,6 to 00D3,6) 


The vertical display start position 
64-step positions (00,6 to 3F 4.) 


Character size bit 
00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 


Fig. 23 Structure of vertical position registers 





If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 25), the 
former block is overridden and the latter is displayed. 

The vertical position can be specified from 64-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00,6 to 3F;, to bits 0 to 5 in the vertical position 
register (addresses 00D1;, to 00D3,,). Figure 23 shows 
the structure of the vertical position register. 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display) ) by setting values 00,6. to 
3Fi, to bits 0 to 5 in the horizontal position register 
(address 00D04¢). 

Figure 24 shows the structure of the horizontal position reg- 
ister. 


Horizontal position register 





| : | | | | (Address 00D0.) 
The horizontal disolay start position 


64-step positions (00,6 to 3Fi¢) 


Horizontal border function of OUT 
outout selection bit 
0 : The same as R, G, B is output 
1 : Border is output 


Border output switch bit 


0 : Border including character 
1 : Border only 


Fig. 24 Structure of horizontal position register 
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(HR) 


Block 1 


CV SSS ae ee 
Block 2 
| 
| 
CV; ee 
Block 3 





(a) Example when each block is separated 


| 
| 
| 
| 
| 
| 


CV3 = 
Block 3 





(b) Example when the display start position of a block overlaps with some other block 


Block 1 
CV, ee, ee | 


Block 2 


| 
| 
| 
| 
| 
| 
CV3 SS 
Block 3 


(c) Example when one block is displaying some other block is superimposed. 





Fig. 25 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the bit 6 and 7 of vertic- 
al position register to set a character size. 

The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 


play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X (1 Tc); the 
medium size consists of [two scanning lines) X (2 Tc); the 
large size consists of [three scanning lines) X (3 Tc); and 
the extra large size consists of [four scanning lines) X (4 
Tc). Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 


Table 5. The relationship between the set values of the character size bits and the character sizes 






Set values of the character size bits Character 
size 


re Dae, Small 






Large 
Extra large 












Width (horizontal) direction 







Height (vertical) direction 


1 
2Tco 7 2 
3 To 3 
4ATc 4 





Note : The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common 
to all blocks even when the character size varies with each block. (See Figure 26) 


Extra large 


<— Display start position 





Fig. 26 Display start position of each character size (horizontal direction) 
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(4) RAM for Display 

The CRT display RAM is allocated at addresses 2000,, to 
20D41., and is divided into a display character code-spe- 
cifying part and display color specifying part for each block. 
Table 6 shows the contents of the CRT display RAM. 

When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000,, and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080,,. The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
27. | 


Table 6. The contents of the CRT display RAM 


Display position (from left) Character code specification Color specification 
200016 20801¢ 
2nd Column 2001416 208116 


3rd Column 
Block 1 : 
19th Column 


20th Column 


Not used 





2nd Column 
3rd Column 
Block 2 : 


/ 
{ 


19th Column 


20th Column 
21th Column 


2040 
' 2nd Column 204116 


3rd Column 
Block 3 : 
19th Column 


20th Column 
21th Column 205446 
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Block 1 
(Character specification) 
1st column : 200016 (i 0 
to 


21th column : 20144, Character code 
Specify 96 characters at 001, to 5Fi¢ 


(Color specification) 
1st column : 2080, 3 0 
to 


21th column : 209446 oe Former half color register specification in the normal mode 
or in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


Latter half color register specification 
in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


Block 2, 3 
(Character specification) 


1st column : 20201. 7 0 


to | | | | | | | | 
21th column : 20344, et ee ee a ee Character code 


Specify 96 characters at 0016 to 5Fi¢ 





(Address 20401, to 2054,, in the case of block 3) 


(Color specification) 


1st column : 20A04, 1 0 
t ee 
21th column : 20B4,, tt |r Color register specification 


00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 ° Color register 3 specification 


(Address 20C0;, to 20D44, in the case of block 3, 


Fig. 27 Structure of the CRT display RAM 
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(5) Color Registers 

The color of a dispiayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
CO3: addresses 00D4;¢ to 00D7,,) and then specifying that 
color register with the CRT display RAM. 

' There are four color outputs: R, G, B, and |. By using a 
combination of these outputs, it is possible to set 24-1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and | outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 28 shows the struc- 
ture of the color register. 


(6) Half Character Width Color Select Mode 

By setting “1” to bit 4 in the CRT control register (address 

00D8,,) it is possible to specify colors in units of a half 

character size (vertical 16 dots Xhorizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 

play characters in block 1 are specified as follows: 

@ The left half of the character is set to the color of the 
color register that is specified by bits 0 and 1 at the 
color register specifying addresses in the CRT display 
RAM (addresses 2080i¢ to 2094,,). 

@ The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the 
color register specifying address in the CRT display 
RAM (addresses 2080; to 2094,,). 


Color of the color register specified by ' 


bit 0 and bit 1 of address 20801. 


(a) Display in the normal mode 


Color of the color register Color of the color register 


specified by bit 0 and bit 1 specified by bit 2 and bit 3 


of address 2080;. of address 2080;, 


(b) | Display in the half character width color select mode 





Color of the color register 


specified by bit O and bit 1 








| Color register (Address 00D4,6 to 00D74,) 


as 

















! pin output bit 
0 : No character is output 
] : Character is output 


B pin output bit 
0 : No character ts output 
1: Character ts output 





G pin output bit 
0 : No character ts output 
1 : Character is output 


R pin output bit 
0 : Nocharacter ts output 
1 : Character is output 


OUT pin output bit (Note) 
0 : Nocharacter or blank 1s output 


1 : Character or blank is output 

Pp OUT pin output control bit (Note) 
0 : OUT pin outputs character 
1 : OUT pin outputs blank 





Note : When the character outlining function is used, the i 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 


Fig. 28 Structure of color registers 


Color of the color register specified by 


bit O and bit 1 of address 208146 


Color of the color register 
specified by bit 2 and bit 3 Block 1 


of address 208146 of address 20811, .~ 


Fig. 29 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37100M8-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver- 
tical positions. 

in addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 

The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 


Display block counter 
(address 00D9,,) 


Indicates number of blocks 
that are being displayed or 
were displayed 





Fig. 30 Structure of display block counter 


For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to “0” and set- 
ting the CRT interrupt enable bit (bit 6 at address OOFE,,) 
to “1”), then execute the following processing in the CRT 
interrupt handling routine. 

@ Read the value of the display block counter. 

@ The block for which display is terminated (i.e., the 
cause of CRT interrupt generation) can be determined 
by the value read in ©. 

@) Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 30 shows the structure of the display block 
counter. 


Count value Interrupt position 


Block 1 


Block 2 


<— 
— 


Block 3 » 


Block 1’ 





<— 
<_— 


Fig. 31 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold. ) 

In addition, because the scanning line count is doubled, the 
display start position of a character is-also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 64 steps from 00;,¢ to 3F4., or four scanning lines 
per step, the number of steps in the scanning line double 


Vertical position A 


4 \ Scanning line 16 lines 





(a) Display in the normal mode 


count mode is 31 from 00;,¢ to 1Fi.¢, or eight scanning lines 
per step. 

If the contents of the vertical position register for a block 
are set in the address range of 20;,¢ to 3Fig in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00D8,¢) to “1”. a 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 


Vertical position AX2 


Scanning line 32 lines 





(b) Display in the scanning line double count mode 


Fig. 32 Display in the normal mode and in the scanning line double count mode 


“ 
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(9) Horizontal Character Border Function 
An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed only horizontal direc- 
tion. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 

Border can be specified in units of block by using the bit 6 
and 7 of horizontal position register. Table 7 shows the re- 
lationship between the values set in the horizontal position 
register and the character border function. 


Table 7. The ee between the value set in the horizontal position register and the character border function 


Horizontal | Horizontal position register register 
Functions 


R, G, B, | output 
Normal 

OUT output oo | 

R, G, B, | output i ] 

Border including character 
OUT output 7) ee ee 
R, G, B, | output j l 
Border not including character 

OUT output 







(J is border. 
@ is display by character data. 


Fig. 33 Example of border 
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(10) Clock Oscillating Circuit for Display 
The clock signal for display can be obtained by connecting 
a resistor and a capacitor between the I/O ports of the 
oscillating circuit (OSC1 and OSC2). Figure 34 shows an 
example of circuit. 


M37100M8-XXXSP 


Osct Osc2 





Fig. 34 Example of oscillating circuit for display 


(11) Programming Notes 

1. Use STA instruciton for data transfer to the following 
registers related to OSD functions. 

@ Horizontal position register (address 00D0,,) 

@ Vertical position registers (address 00D1,, to 00D3,.¢) 
3) Color registers (address 00D4,.¢ to 00D7;.) 

@ CRT control register (address 00D8,,) 

2. Do not display the display OFF blocks having different 
character sizes on a block display 

3. The highest vertical position (the vertical display start 
position bits are “00;,—”) can not be used. 

4. The interrupt to tell the end of block display is not 
caused and the display block counter is not in- 
cremented until the display of the block has been com- 
pleted terminated. 

5. The display block counter (00D9;¢) is reset while 
Vsync is “H” (when the option is positive in polarity) to 

“EF”. 

6. If, during the display of a block, the display position of 
another block comes, the display of the subsequent 
block (having a larger vertical position register value) 
is preferred. | 

7. When two or more blocks are displayed in the same 
vertical position, the display priority is CV1, CV2, and 
CV3 in this order. This is not affected by turning on/off 
of block display. 
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RESET CIRCUIT order address, when the RESET pin is held at “L” level for 
The M37100 is reset according to the sequence shown in no less than 2us while the power voltage is 5V+10% and 
Figure 36. It starts the program from the address formed by the crystal oscillator oscillation is stable and then returned 
using the content of address FFFFi,g as the high order to “H” level. The internal initializations following reset are 
address and the content of the address FFFE,, as the low shown in Figure 35. 


(1) Port PO directional register 
(2) Port P1 directional register 
(3) Port P2 directional register 
(4) Port P3 directional register 
(5) Port P4 directional register 
(6) Port P5 directional register 
(7) Port P6 directional register 
(8) PWM control register 

(9) Sertal 1/O, mode register 
(10) PWM output control register 
(11) Interrupt contro! register 2 
(12) Timer 2 

(13) Timer 3 

(14) Interrupt control register 1 
(15) Timer control register 

(16) Processor status register 


(17) Program counter 


(18) Horizontal location register 


(19) Color register 0 


(20) Color register 1 


(21) Color register 2 

(22) Color register 3 

(23) Display control register 
(24) Serial !/Og mode register 
(25) Special mode register 


(26) Counter 0 


Address 


(D0 )(E 1 46) 


(D1 )(E 346) ° 
(D 2)(E 546) °° 


(D3)(E 9 16) ° 


(D 4)(E Bie) 


(D5 )(EDi6) = 


(D 6 )(E F 46) 


(PM)(F 546) -* 
(SM)(F 646) > 
(PN)(F 946) - 
(1 N)(F Bye) 
(T2)(F Cie) - 
(T3)(F Die) - 
(1 M)(F E46) - 


(TM)(F Fag) | 


(PS) 


(PCH) 


(PCL): 


(HR)(D 046) : 


(CO0)(D 446) ° 


(CO1)(D 5 46) 
(CO2)CD:6y¢) 
(CO3)(D 7 46) 


(CC)(D 8 46) 


(SB)(DAje) © 


(SC)(D Bg) 


(D Die) 


0 O16 


0/0/0/0}0]0/0] | 
0|0/0]0)0 


0 O16 








0 016 


I ee), 


_{9/0}0 9]0/0 
| LI | folo! 


oo 


F Fig 








0746 
0 046 


0 046 


LTE A 





x Contents of address 
FFFFi¢ 

. Contents of address 
FFFEi6¢ 





0 016 


_|9/0/0]0/0 
ofojojo 
_| Jo}o}o]o/olo| 
0/0|0}0/0 
0/0}0]0 0/0 


0 O16 


0|0}0}0]0/0/0) 


F Fig 


























Note Since the contents of both registers other than those listed 
above and the RAM are undefined at reset, it is necessary to 


set initial values 


Fig. 35 





Internal state of microcomputer at reset 
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dg 


RESET 


RESETour 


SYNC 


addres Koa SAS EOSIKEFFEX EFEX) 
Reset address from 


Note 1 : Frequency relation of f(Xiy) and ¢ 1s f( Xin) =4°¢ 
8 to 12 clock cycles 2 : The mark “?” means that the address is changing 
depending upon the previous state 





Fig. 36 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit |/O port with N-channel open drain 
and middle voltage output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address OOE04¢. 
Port PO has a directional register (address 00E1;,¢) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 
(bit O and bit 1 at address OOFF,,), three different 
modes can be selected; single-chip mode, eva-chip 
mode and microprocessor mode. 

In these modes it functions as address (A7-Ag) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO but the output structure is not middle voltage. It 
can be built in pull-up register at each pin by selecting 
the option. In other modes, it functions as address (Aj45- 
Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

In single-chip mode, port P2 has the same function as 
port P1. In other modes, it functions as data (D,-D7) in- 
put/output port. 

Refer to the section on processor modes for details. 
Port P3 

In single-chip mode, port P3 has the same function as 
port P1. P3.-P37; have program selectable dual func- 
tions. P89, P3, function as control signals input/output 
port except in the single-chip mode. Refer to the sec- 
tion on processor modes for details. 

Port P4 

This is an 1-bit I/O port with function similar to port PO, 
but the output structure is CMOS output. 

This port is unaffected by the processor mode bits. 

Port P5 

This is an 7-bit |/O port with function similar to port P1. 
P5,-P57 have program selectable dual functions. P5, 
P53 are shared with external interrupt input pins (INT;, 
INT») 

This port is unaffected by the processor mode bits. 


(7) 


Port P6 

This is an 6-bit input/output port with function similar to 
port PO. The output structure of P69, P6; is CMOS out- 
put and the output structure of P6,-P6, is N-channel 
open drain and middle voltage. 

P69-P6, have program selectable dual functions. 

This port is unaffected by the processor mode bits. 
Function pins for CRT display function 

The horizontal synchronizing signal is input from Hgsync. 
The vertical synchronizing signal is input from Vsync. 

1, B, G, R, OUT are output pins for CRT display. 

Refer to the section on CRT display functions for de- 
tails. 

¢ pin. 

The internal system clock (1/4 the frequency of the 
oscillator connected between the Xiy and Xoyr pins) 
can be output from this pin by selecting the option 

At low-speed mode, Xciy divided by 2 is output from 
this pin. 
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Port PO, P62-P6, 
N-channel open drain output 














es Directional register a 
ait Port latch - 


ce 3 


Mask option ? ne 
Port P1, P2 P oe N 
Directional register &. 


(_) Port PO, P62-P6; 


Data bus 


Note : P6.-P6, may also be 
used as PWM output pins. 


~channel open drain output 










Port P1, P2 


4 


Port latch 
<] 









Port P3, P5 
N-channel open drain output 







Peet Directional register] Directional register] | 


Port PY er 


C) Port P3, P5 


Note : P3, P5 may also be 


used as Serial I/O pins 


Port P47, P6o, P6, 


| Directional register 5 eesetene ate = iP 
Data bus Port | Portlatch | O) Port P47, P6o, P6; 
. i Note : P69 may also be used as timer 


output pin and P6; may also 


/ K be used as PWM output pin 
Hsyno; Vsyne . ¢, R, G, B, |, “4 
©- Schmitt input CMOS CMOS output 


Data bus a C) Hsync, Vsync 
Data bus g, R, G, B, |, OUT 


Fig. 37 Ports PO-P6, Hsync; Vsyne> g, R, G, B, | and OUT block diagram 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), three different operation modes 
can be selected; single-chip mode, microprocessor mode 
and evaluation chip (eva-chip) mode. In the microp- 
rocessor mode and eva-chip mode, ports PO-P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the 1/O ports. 

Figure 39 shows the functions of ports PO-P3. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 38. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Supplying 10V to CNVsg places the microcomputer in 
the eva-chip mode. The three different modes are ex- 
plained as follows: 


Internal RAM 


miscellaneous 
registers 


Internal RAM 


miscellaneous 
registers 


miscellaneous 
registers 


miscellaneous 
registers 


Internal RAM ' 


RAM for display 


ROM for display 1 


ROM for display 2 


Not used 


Microprocessor mode Eva-chip mode 


The shaded area Is external memory area 


Fig. 38 External memory area in processor mode 





(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO-P3 will work as original I/O 
ports. 

(2) Microprocessor mode (01) 
The microcomputer will be placed in the microp- 
rocessor mode when CNV¢g is connected to Vsg and 
the processor mode bits are set to “01”. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 
in this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D7-D,) and loses 
its normal output functions. Port P3, and P38, become 
the SYNC and R/W pins, respectively and the normal |/ 
O functions are lost. 

(3) Eva-chip mode (11) 
When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva-chip mode. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 
The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original output functions. 
Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original output functions. Port P2 re- 
tains its original output functions while ¢is at the “H”. 
state, and works as a data bus of D7-Dp (including in- 
struction code) while at the “L” state. Pins P3, and P3, 
output the SYNC and R/W control signals, respectively 
while ¢is in the “H” state. When in the “L” state, P3, 
and Pp retain their original |/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 8. 


Note - The standards of M37100M8-XXXSP/FP is 
assured only in single-chip’ mode. Use in the 
microprocessor mode or the eva-chip mode 
only at program development. 
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rr rt i ee eee ee 
Ca a ee a ee 


Single-chip mode 










Eva-chip mode Microprocessor mode 


















[Lf 
Ports P07- POo 


Address 
A7-Ao 


ae on 


Ports P17-P19 


Address 
Ai5-Ag 
vy | | 


Ports P2;- P25 


D7-Do ad 


i as 
Ports P0,- PO) 


x 1/O port 
a sans 


Ports P17-P19 


x 1/O port 
‘lo Ly 


Ports P27-P25 


x : 1/O port 
To LU 


Ports P37-P3, 


x I/O port 


‘ae Sees 


Ports P07-P0o 


Address 
fo Lf. 


Ports P1 7-P1 0 


Address \ 
? | | | 


. Ports P27-P2o 


Output Data 
port D7-Do 




















































fo LS 


Ports P37-P32 


2 2 


Ports P37-P32 


x I/O port 





I/O port 










| 











Port P3 Port P3, Port P3, 
{ SYNC I/O port SYNC 
Port P3, Port P3, | 





Fig. 39 Processor mode and functions of ports PO-P3 


Table 8. Relationship between CNVsg pin input level and processor mode 


Explanation 








¢ Single-chip mode — The single-chip mode ts set by the reset 


¢ Eva-chip mode All modes can be selected by changing the processor mode bit with the program 
* Microprocessor mode : 











¢ Eva-chip mode Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 
The M37100M8-XXXSP has two internal clock generating 
circuits. Figure 41 shows a block diagram of the clock 


generating circuits. Normally, the frequency applied to the M37100M8-XXXSP 
clock input pin Xj, divided by four is used as the internal Xin Xour 
Se 


clock (timing output) ¢. Bit 7 of serial'l/O, mode register 
can be used to switch the internal clock ¢to 1/2 the fre- 
quency applied to the clock input pin Xen. 

Figure 40 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. Fig. 40 Example ceramic resonator circuit 
The M37100M8-XXXSP has two low power dissipation mod- 

es; stop and wait. The microcomputer enters a stop mode 

when the STP instruction is executed. The oscillator (both 

Xin Clock and Xcin clock) stops with the internal clock ¢ 

held at “H” level. In this case timer 2 and timer 3 are forc- 

ibly connected and ¢/8 is selected as timer 2 input. When 

restarting oscillation, FF,, is automatically set in timer 2 and 

0716 in timer 3 in order to enable the oscillator to stabilize. 

Before executing the STP instruction, the timer 2 count stop 

bit must be set to supply (“0”), timer 2 interrupt enable bit 

and timer 3 interrupt enable bit must be set to disable 

(“0”). 

Oscillation is restarted (release the stop mode) when INT;; 

INT», or serial |/O, or serial |/Og interrupt is received. The 

interrupt enable bit of the interrupt used to release the stop 

mode must be set to “1”. When restarting oscillation with an 

interrupt or canceling a reset, the internal clock ¢is held 

“H” until timer 3 overflows and is not supplied to the CPU. 

The microcomputer enters a wait mode when the WIT in- 

struction is executed. The internal clock ¢stops at “H” 

level, but the oscillator does not stop. ¢ is re-supplied (wait ‘ 

mode release) when the microcomputer is reset or when it 

receives an interrupt. 

Instructions can be executed immediately because the 

oscillator is not stopped. The interrupt enable bit of the in- 

terrupt used to reset the wait mode must be set to “1” be- 

fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 

Xin Clock is stopped and the internal clock ¢ is generated 

from the Xcin clock (60A or less at f(Xon) =32kHz). Xin 

clock oscillation is stopped when the bit 6 of serial 1/On 

mode register (address O0F6,,¢) is set and restarted when 

it is cleared. However, the wait time until the oscillation sta- 

bilizes must be generated with a program when restarting 

Figure 42 shows the transition of states for the system 

clock. 


ne oe ae Tees 
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ic | nn Timer 2 count source 
nternal sys selection TM; 
clock source 
selection SM, 


System clock 
stop bit 


SMe 


SM; Timing ¢ 
(internal clock) 


STP WIT STP instruction 
instruction | instruction 


c Reset 
O Interrupt disable flag | 
e Interrupt request 


Fig. 41 Block diagram of clock generating circuit 
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WIT instruction 
<_—_—_____ 





4MHz oscillation 
32kHz oscillation 
¢ =stop (high-level) 
Timer operation 


4MHz oscillation 
32kHz oscillation 
¢=1MHz 






> 
Interrupt 


External INT | 





Timer interrupt 
S$ 1/O interrupt 





SM7=1 





WIT instruction 
4MHz oscillation 







ern re 
32kHz oscillation aMable peeieven 
32kHz oscillation 
Pretep $=16kH 
= z 
Timer operation( Note 3) = 
Interrupt 






Timer interrupt 
S I/O interrupt 





External INT | 


SM.=1 






WIT instruction 
<—<_—__—_ 





4MHz stop 
32kHz oscillation 
¢=stop 

Timer operation( Note 3) 


4MHz stop 





32kHz oscillation 
¢=16kHz 





—————— See 
Interrupt 
External INT 
Timer interrupt 
S |/O interrupt 


















SM,=0 





STP instruction 
————— 


4MHz stop 
32kHz stop 


¢=stop 
Interrupt( Note 1) 
fExternal INT 


S I/O interrupt 





STP instruction 










= 4MHz stop 
32kHz stop 
¢=stop 





Interrupt( Note 1) 
bevels INT 
S 1/O interrupt 


STP instruction 
ee 


4MHz stop 

32kHz stop 

¢=stop 
Interrupt( Note 2) 





External INT 
S I/O interrupt 


The above example assumes that signals of 4MHz and 32kHz are being applied to pins Xin Xcin respectively ¢ signifies the internal clock 


Note 1 : Approximately 8ms of latency time are automatically generated upon release 
from the STP instruction due to connections of timer 2 and 3 
2 : Approximately 500ms of latency time exists after the release of the STP instruction. 
3: When the internal clock 1/8 frequency is connected as a timer count source the count source becomes 2kHz 


Fig. 42 Transition of states for the system clock 
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<An example of flow for system> 


Power on reset 
Clock X and ae for clock function Xo oscillation 
Internal system clock start (X -+1/4— ¢) 


Program start from RESET vector 


Normal operation 


Normal program Operating at 4 MHz 


Internal clock ¢ source switching | X( 4 MHz)—Xo6 (32. 768KHz)(SM7 : 0-1 ) 
Clock X halt(Xc in operation) 

Internal clock halt( WIT instruction) 

Timer 3 (clock count) overflow 


Internal clock operation start (WIT instruction released) 


Clock processing routine + Operating at 32. 768kKHz 


Operation on the clock 
function only 


Internal clock halt (WIT instruction) 
Interrupts from INT,, timer 2, timer 1 or serial |1/O,, INTs or serial |1/O, 


Internal clock operation start (WIT instruction released) 


¢ 
2 
2) Program start from interrupt vector 
— 
ae Clock X oscillation start 
8 
oO 
E | Oscillation rise time routine (software) | +Operating at 32. 768kHz 
= Internal clock ¢ source switching (X~-*X) (SM; : 10) 
2 : 
Normal program — Operating at 4MHz 
& STP instruction preparation (pushing registers) 
2 
= Timer 2, timer 3 interrupt disable, (IM4= 0, TMg= 0 ) 
= 
6 Timer 2 count stop bit resetting (TMs = 0 ) 
= Clock X and clock for clock function X¢ halt (STP instruction) 
= : 
aad 


ETTORE (SON, 


RAM backup status 


Interrupts from INT,, serial I/O,, INTo, serial |[/Og 
Clock for clock function Xo oscillation start 


Timer 3 overflow (X-/8—timer 2 timer 3) 
(Automatically connected by the hardware) 


Internal system clock start (X.—1/2—¢) 


Program start from interrupt vector 


Normal program 


Return from RAM backup function 
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PROGRAMMING NOTES 
(1) Processor status register 
1. Except for the interrupt disable flag (| ) being set to 
“4”, the content of the processor status register (PS) 
is unpredictable after a reset. Therefore, flags affect- 
ing program execution must be initialized. 
The T flag and D flag which affect arithmetic opera- 
tions, must always be initialized. 
2. A NOP instruction must be used after the execution 
of a PLP instruciton. 
(2) Interrupts 
Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a NOP) be-. 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 
(3) Decimal operations 
1. Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be- 
fore executing the SEC, CLC, or CLD instruction. 
2. The N (Negative), V (Overflow), and Z (Zero) flags 
are ignored during decimal mode. 
(4) Timers 
The frequency dividing ratio of timer is 1/(n+1). 
(5) STP instruction 
The STP instruction must be executed after setting the 
timer 2 count stop bit (bit 5 at address OOFF,,) to 
supply (“0”). 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

* mask ROM order confirmation form 

¢ mask specification form 

¢ ROM data:::::- EPROM 3 sets 

Write the following option on the mask confirmation form 
) Port P1 pull-up transistor bit 

) Port P2 pull-up transistor bit 

) Xw and Xin oscillation feed-back registers 

) CRT display signal input/output polarity 

) output 
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ABSOLUTE MAXIMUM RATINGS 


Voc Supply voltage —0.3 to 6 

Vi Input voltage RESET, CNVss —0.3 to 13 
Vo 
Vo 


Input voltage PO 9-P07, P19-P17, P2o-P27, 
—0.3 to Voc +0 3 













Unit 


























With respect to Vss 
Output transistors are 
at “off” state 











—0.3 to Voct0 3 









0 to 10( Note 1) 


Circuit current P19-P17, P29-P27, P39-P37, P47, 
P5,-P57, P6o, P6,, R, G, B, |, OUT 


Xin, Xcin, OSC1 


Output voltage P0Qo-P07, P62-P65 
A 
lous A 
Vos7V 0 to 15( Note 2) 
Cc 
G 





Circuit current PQ -P07, P62-P65 


| Voc 
Pv [a One tod Ss) Et 
P39-P37, P47, P5;-P57, y 
P6o-P6s5, Hsync; Vsyne; ; 
7a =130 i 
Output voltage P19-P17, P29-P27, P4y, 
P39-P37, P5;-P57, P69, P61, Xour, 4, : Vv 
Xcout, OSC2, R, G, B, |, OUT 
| lon _| Circuit current P6p, P6;, P47, R, G, B, |, OUT m 
to 
lov2 m 
jou Vo>7V 0 to 1(Note 2) 


[Pa | Power depaionSSS~d gw SSSCSCSCS CN) 
Operating temperate 100070 
Storage temperature —40 to 125 


Note 1 : The total of Io should be 20mA(max). ; 
2 : The total of lo, and lo2 should be 50mA(max) 
3 : 600mW in case of the flat package 














RECOMMENDED OPERATING CONDITIONS 


; (Vec=5V+10%, Ta=—10 to 70°C unless otherwise noted) 


Symbol Parameter 


| re / 
Supply Normal speed mode f(Xin) =4MHz ; 
voltage f(OSC1)=5MHz 
(Note 1) Low-speed mode f(Xcin) =32kKHz : : 


Supply voltage 

“H” input voltage POQ9-P07, P1p-P17, P2o-P27, 
P39-P37, P47, P51-P5z, 
P6o-P6s5, RESET, Xin, Xcin, 


Hsync, Vsync 


“L” input voltage PQ -P07, P19-P17, P29-P27, 
P3po, P3;, P33-P3s5, P37, P47, 





P51, P54, P55, P57, P69-P65 


“L” average output current PQ9-P07, P19-P17, 
P29-P27, P3p9-P3;7, P4z, 
lov(avg) P5,-P57, P6-P6s, 
R, G, B, |, OUT 


“H” average output current P47, P6o, P6,, R, G, B, |, OUT 
Oscillating frequency (Note 2) 

Oscillating frequency 

Oscillating frequency 


Note 1 : Apply 0.022uF or greater capacitance externally to the Voc power supply pin so as to reduce 
power source noise 
2 : Use a ceramic resonator or a quartz crystal oscillator to generate of main clock 


Voc 
Vss 
Vin 
Vit 
Vin 
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ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Vss= 0V, Ta=—10 to 70T, f(Xin) =4MHz) 


‘ f imits 
~ Symbol Parameter ; Test conditions 


PM [Typ | Max | UM 
“H” output voltage P47, P6y, P61, R, G, B, 1, OUT Voc=4.5V, lon =—0.5mA ee ee a 


sop Veco=4. 5V 
lon =—2. 5mA Peay fol 


OH 
re) 
“L” output voltage PO -P07, P29-P27, P3o-P37, 
OL P47, P5;-P57, P6o-P6s, 
Voc=4. 5V 
1. 
OL 
— 
—- Vec=5. OV 


V 
R, G, B, |, OUT 
V 
V 
V 
Voec=5. OV 
V,=0V 5 | 0 | oo 































“L” output voltage P19-P17 


“L” output voltage ‘4 







Hysteresis RESET 
Hysteresis P32, P3g, P52, P53, P5g, Hsync, Vsync 


Ru Pull-up transister (Note 1) 
Ru 


P1o-P17, P2o- P2z 


“H” input leak current PO 9-P07, P19-P17, P29-P27, 
lozH P39-P37, P47, P5;-P57, P69-P6s5, 
RESET, Hsync, Vsync 
“H” input leak current PO9-P07, P62-P65 
“L” input leak current PO9-P07, P19-P17, P29-P27, 
loz. P39-P37, P47, P5;-P57, P69-P6s, 
Hsync, Vsync, RESET 


RAM retention voltage 


















Vram 




















Voc=5.5V f(Xin) =4MHz 
At system operation and CRT display off 
Voc=5.5V (Xin) =4MHz 
At system operation and CRT display on 


Voc=5.5V f(Xin) =4MHz 
At wait mode 















Xin—Xour stop 
f(Xcin) =32kHz 
At system operation 





Supply current 










loc 
Xin—Xour stop 
f(Xcin) =32kHz 
At wait mode 


At stop mode 


Note 1 : Pull-up transistor is mask option. 








DESCRIPTION 

The M37102M8-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. This single-chip microcomputer is useful for 
the high-tech channel selection system for TVs. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37102M8-XXXSP/FP and 
the M37201M6-XXXSP are noted below. The following ex- 
planations apply to the M37102M8-XXXSP. Specification 
variations for other chips are noted accordingly. 





| Typename || ROMsze =| RAMsze 
M37102M8-XXXSP/FP 16384 bytes 320 bytes 
384 bytes 












M37201M6-XXXSP 24576 bytes 
FEATURES 
® Number of basic instructions Pome r mech eee nerrnr ro eeevesseusveues 69 


@ Memory size ROM---- 16384 bytes (M37102M8-XXXSP/FP) 


( 
24576 bytes (M37201M6-XXXSP) 
RAM «++ 320 bytes (M37102M8-XXXSP/FP) 
384 bytes (M37201M6-XXXSP) 
® Instruction execution time 
Saceeeees 1us (minimum instructions at 4MHz frequency) 
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PIN CONFIGURATION (TOP VIEW) 


Oscillation input for 
display P osc1 — 1] 


coe for osc2 — 
penn P3.6/INT»/A-D2 + 
P3 P35/A-D1 ++ [4] 
P3,/INT, + 

14-bit PWM output D-A — [6] 
‘| P6)/PWMO + 
P6,/PWM1 + [8 | 
P62/PWM2 + [9 | 
P63/PWM3 + [10] 
P6,/PWM4 «+ 
P6;/PWM5 + 
P66/PWM6 «> 
P6,/PWM7 + 
P35/TIM3 + 
P3./TIM2 + [16] 


1/O port P6 


1/0 port P3 


P47/Sppov2/PWM8 +[19 
P46/Sino/PWM9Q ++ 
P4;5/Scike + 
P44/Sourte 
P43/Srpy1 
P4>/Sini > 
P44/Se.k1 
P49/Sout1 > 


dSXXX-9WLOZZEW 
dSXXX-8WZOLZEW 


Output 
port 
P5 


I/O port PO 
4 


3 
1/O port P41 
4 





@ Single power CTU] 0) ©) \\ Annee 5V+10% CNVss 
Timing output 3 
Power dissipation ricsee inde {VO port P2 

normal operation mode (at 4MHz frequency) Clock input Me 

Pape ase URS Ch wy ee ceR aN eae 110mW (Vec=5.5V, CRT display) Clock output Muon 
@ Subroutine nesting -::7 er 96 levels (Max.) 
@ Interrupt Fish Savoie anargsasd Si eswsb are 6 See Wie awh a Sroe ew peasdeoiace’s 13types, 13vectors ; 
O56 Dinimer eaten as co 4 Outline 64P4B 
@ Programmable |/O ports ~ 

(Ports PO, P1, P2, P3, P4, P6) SSUES Rete d WN MRS ea ae ie 47 
@ Output port (Port oe) Ree 5 _ 
@® Serial I/O (8-bit) Sais wid Madd wcatete et asaye siesta Rea deeeieas Gent ae wai ae erecanies y} 
e@ PWM function Veter eT eS Cee ee eee Ce eee OR CC ee eee re ee 14-bitX 1 

8-bitX 10 

@ A-D converter (4-bit resolution) --- ee 2 channels 
@ 72-character on screen display function 

Number of character-:::++:----+--- 24 characters X3 lines 

Kinds of character ee Re RRR CE ECE ROTC TTT Ca A ETERS OCR RC RC Ra 126 
APPLICATION | 
TV 
— MITSUBISHI 
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PIN CONFIGURATION (TOP VIEW) 


M37102M8-XXXFP 


I~] 
= 
~ 
SI 
R 
nN 
8] 
nN 
Ww 
Rn 
SI 


[| 
P65/PWM5 <> [| 


P65/PWMO <> 
P6,/PWM1 <+[=| 
P6./PWM2 + [2] 
P63/PWM3 «+ [2] 
P6,/PWM4 «+ 
P6,/PWM6 + [| 
P6,/PWM7 <+[s! 
P4,/Sprpy2/PWM8 >. 
P4.6/Sino/PWM9 -> B 
P45/Scrxe2 + Lo! 
P4,/Sout2 + [8] 
P43/Sppy1 + 
P42/Sini -_> 
P4,/Scik > 
P4o/Sout1 


Outline 80P6N NC : No connection 








cS 





Se 
: 





c 
| 


M37102M8-XXXSP BLOCK DIAGRAM 


Clock Clock, Timing Reset 
input output output input 
Xin Xout RESET Veco Vss CNVss 





Fs 


alee Timer count source 
selection circuit 
Beas 
F TI (8) 
JAN} Timer 2 
7 T2 (8) 


Timer 3 
T3 (8) 


Data bus 





Note 2 — 







PC, (8) 


RAM Program Program ROM 
320bytes cea counter 16384bytes 
H : 

















Address bus 















Ea a 











8-bit Processor Index Index 











Arithmetic status register register pointer 
register Y(8) Ea 
NY Timer 4 
I ia ees 
| a ee ee a 
aL =i 
Special Si/O1 
ee (8) 
Pa) | A 
a NTA rt 
ceil ' serene 
- BISBB73EBIG4E3— - a : - LRILNANLILHLAILIG) 
Ni ee Noe ee 
I/O port P2 I/O port P3 I/O port P4 


: 24576 bytes for M37201M6-XXXSP 
2 . 384 bytes for M37201M6-XXXSP 


Note 1 


| -—_ J b+ 





D-A Vsync Hsync OSC1 OSC2 


an -@ eae 


i 


14-bit 
PWM circuit 


Control signal 


t 

I 

i} 

t 

i 

Instruction 
decoder 

ig | 

Instruction CRT 
register (8) circuit 

] 

1 

! 

t 


TTT TT | P5(5) _| 


(ay QU 
HHNRDDE Rene 
VOOUIIGD, - CRIIOS) @e)- - — 


Output port Sama GoLke 


8-bit 
PWM circuit 





PWM7 





le ae port P6 


YSATIONLNOS AVIdSIG N3SN9S-NO 43M © 


YAZISSHLNAS J9VLIOA 103 YUALNAWODOUDIW SOWD LIS-8 dIHD-3 1SNIS 


dSXXX"9INTOCZEIN 


di/dSXXX-SINCOTZEIN 


SUALNdMWODJOUDIW IHSIGNSLIW 
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FUNCTIONS OF M37102M8-XXXSP 


[S™~—“CSCSCSCSCSCSCstParamstorS™~“~*~S*S*~*~idSC‘“‘CNSNCC#C#N#C#Unions—=SSs—=~=“‘—S™SCSC*d 
Number of basic instructions 


Instruction execution time 1zs (minimum instructions, at 4MHz frequency) 

Clock frequency 4MHz 
M37102M8-XXXSP/FP 

- Memory size : 

M37201M6-XXXSP 


RAM 
seabytes 























PO, P1, P2 


P3o, P3; 





2-bitX 1 


5-bitX1 (can be used as timer input pins, INT;, INT2 input pins and A-D 


Input/Output ports 1/O 


input pins) 


1/0 8-bitX1 (can be used as serial I/O function pins and PWM output pins) 


P6 /O 8-bitX1 (can be used as PWM output pins) 
Serial 1/O 
Timers 


8-bitX2 (Special serial I/O (8-bit) X1) 


8-bit timerX4 
Interrupt 
one software interrupt 


96levels (max ) 
Clock generating circuit Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


Supply voltage 5V+10% 
at CRT display ON 110mW (clock frequency Xiy=4MHz, Voc=5. 5V, Typ.) 


Power dissipation at CRT display OFF 55mW (clock frequency X;y=4MHz, Voc=5. 5V, Typ ) 
65m (Max 
Input/Output voltage 5V (Port P4g, P47, P69-P67) 
Input/Output characteristics 
Operating temperature range —10 to 70 
aatt M37102M8-XXXSP, M37201M6-XXXSP 64-pin shrink plastic molded DIP 
ackage 
2 M37102M8-XXXFP 80-pin plastic molded QFP 
Number of character 24 charactersX3 lines 
CRT display function 
Kinds of character 126 (12X16 dots) 








































Two external interrupts, nine internal interrupts, 
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Input/ : 
Name Functions 
Output 
Voc: Supply voltage Power supply inputs 5V+10% to Voc, and OV to Vss 
Vss 





Cc NVss CNVss 


This is connected to Vgs. 











RESET Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions) 
lf more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 


required time. 


Xin Clock input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xj and Xour pins If an external clock is used, the clock 


source should be connected the Xj, pin and the Xoyr pin should be left open. 


This is the timing output pin. 


Xout Clock output 


Timing output 


PQ 9-P07 1/O port PO 1/O Port PO is an 8-bit I/O port with directional registers allowing each |/O bit to be individually programmed as 
input or output At reset, this port is set to input mode. The output structure is CMOS output 
P19-P17 1/O port P1 1/O Port P1 is an 8-bit I/O port and has basically the same functions as port PO 
P2 9-P27 I/O port P2 1/0 Port P2 is an 8-bit 1/O port and has basically the same functions as port PO 
P39-P36.6 1/O port P3 1/0 Port P3 ts a 7-bit I/O port and has basically the same functions as port PO, but the output structure of P3p, 
P3, is CMOS output and the output structure of P32-P3g, is N-channel open drain 
P32, P33 are in common with external clock input pins of timer 2 and 3 P34, P3g are in common with exter- 
nal interrupt input pins INT; and INT, P35, P3g are in common with analog input pins of A-D converter 
(A-D1, A-D2) 
P4)-P47 1/O port P4 1/O Port P4 1s an 8-bit |/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain 
When serial 1/01 is used,P4 9, P4;, P42 and P43 work as Sout1, Scix1, Sin1 and Sarpy: pins, respectively 
When serial I/O2 is used, P44, P4s, P4g and P47 work as Sout2, Scik2, Sine and Srpy2 pins, respectively 
Also P4¢6, P47 are in common with PWM output pins of PWM 8 and 9 
P69-P67 1/O port P6 1/0 Port P6 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain. This port is in common with PWM output pins PWM0-PWM7 


OSC1, Clock input for CRT 
OSC2 display 


This is the I/O pins of the clock generating circuit for the CRT display function. 


Clock output for CRT 
display 





This is the horizontal synchronizing signal input for CRT display 
This is the vertical synchronizing signal input for CRT display 






Vsync Vsync input 


R, G, B, 
1, OUT 


D-A DA Output 


CRT output 


This is a 5-bit output pin for CRT display The output structure is CMOS output This is in common with port 


P52-P5e¢. 


This is an output pin for 14-bit PWM 
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FUNCTIONAL DESCRIPTION CPU Mode Register 

Central Processing Unit (CPU) The CPU mode register is allocated to address OOFB¢. Bits 
The M37102 microcomputers use the standard MELPS 740 0 and 1 of this register are processor mode bits. This regis- 
instruction set. For details of instructions, refer to the ter also has a stack page selection bit. 


MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


CPU mode register (address 00FBi.) 


Processor mode bits 
0 0 : Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
11 =: Invalidity 


Stack page selection bit 
0 : 0 page 
1:1 page 


System clock output selection bit (Note 1) 
0 : Stop (reset-out output) 
1 : System clock output 


Note 1 : This bit is available at single-chip mode And it output the system clock at the other mode 


Fig. 1 Structure of CPU mode register 








MITSUBISHI MICROCOMPUTERS 


M37102M8-XXXSP/FP 
M37201M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 


with ON-SCREEN DISPLAY CONTROLLER 





MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

* RAM ! 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 


RAM 
(192 bytes) 


SFR area 
RAM 
RAM (128 bytes) 


(192 bytes) for | 
for M37102M8 
M37201M6 


RAM for display 
(216 bytes) 


ROM for display 
(4096 bytes) 


* ROM for display 

ROM for display is used for storing character data. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

* Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


ROM 


(24576 bytes) ROM 
for (16384 bytes) 


for 
M37201M6 M37102M8 


Fig. 2 Memory map 





Special 
page 
for 
subroutine 
call 


Interrupt vector area 
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00C04., 
00C 116 
000216 
00C346 
000446 
00C5i¢6 
00C6,, 
00C 716 
00C846 
00C9,, 
O0CAi¢ 


OOCBi¢ 
00CCi, 
O0CD, 


OOCE 16 
O0CFi¢ 
00D0i¢ 
00D146 
00D216 
00D3i6 
00D44.6 
00DS54¢ 
00D6,. 
00D7i6 
00D8i¢ 
00D94¢ 
OODAi. 


OODB: > 
00DCi, 
OODDi¢ 


OODE., 
OODFi¢ 


Fig.3 SFR (Special Function Register) memory map 


Port PO 
Port PO directional register 


Port P1 directional reg 
Port P2 


Port P4 directional register 
Port P5 


PWM 0 register 
PWM 1 register 


Interrupt space distinguish register 
Interrupt space distinguish control register 
Special serial I/O register 
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Horizontal position register 
Vertical display start position register 1 
Vertical display start position register 2 


Vertical display start position register 3 
Character size register 


Color register 3 

CRT control register 
Display block counter 
CRT port control register 


Scroll control register 
Scroll start register 
A-D control register 


hit: ee eri ne 


Timer 3 


PWM 8 


Interrupt control register 2 








with ON-SCREEN DISPLAY CONTROLLER 
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INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of three external, eight internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 


Table 1. Interrupt vector address and priority. 












3 


Serial |/O 2 interrupt 
Timer 4 interrupt 


Serial 1/O 1 interrupt 12 










a 
(Terres, FFA | 
rrr Fee | 
Ss 
[FFI FFF | 
Frere Freee | 
Os 
[TFFeB., FEA | 
= 


All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “0”. The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 


FFF816 
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Interrupt request register 1 
(address 00FC4¢) 


Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Timer 4 interrupt request bit 
CRT interrupt request bit 
Vsync interrupt request bit 


Interrupt control register 1 
(address O00FE,,) 


Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit 
CRT interrupt enable bit 
Vsync Interrupt enable bit 


Fig. 4 Structure of registers related to interrupt 


Interrupt request bit 


Interrupt enable bit 


Fig. 5 


Interrupt disable flag | 


Interrupt control 


BRK instruction 
reset 





Interrupt request register 2 
(address O0FD,,) 


INT, interrupt request bit 
INT2 interrupt request bit 
Serial |/O1 interrupt request bit 
Serial |/O2 interrupt request bit 
1ms interrupt request bit 


Test bit : This bit must be set to “0”. 


0 : Interrupt disable 
1 : Interrupt requested 


Interrupt control register 2 
(address OOFF,,) 


INT, interrupt enable bit 
INT». interrupt enable bit 
Serial 1/01 interrupt enable bit 
Serial 1/02 interrupt enable bit 
1Ims interrupt enable bit 


0 : Interrupt disable 
1 : Interrupt enabled 


Interrupt request 
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_ TIMER 

The M37102M8-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. : 
A block diagram of timer 1 through 4 is shown in Figure 7. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of timer 12 mode register and timer 34 
mode register (address 00F4,¢, 00F5,,), as shown in Fi- 
gure 6. 
All of the timers are down count timers and have 8-bit 
latches. When a timer reaches “FF,,” and the next count 
pulse is input to a timer, a value which is subtracted 1 from 
the contents of the reload latch are loaded into the timer. 
The division ratio of the timer is 1/(n-+1), where n is the 
contents of timer latch. The timer interrupt request bit is set 
at the next count pulse after the timer reaches “FF,,”. 
The starting and stopping of the timer is controlled by bit 2, 
3 of timer 12 mode register and timer 34 mode register. 
At a reset or stop mode, FF,, is automatically set in timer 3 
and 07,, in timer 4 and timer 4, timer 3 and the clock 
(f(Xiy) divided by 16) are connected in series. 
When restarting oscillation or canceling a reset, the internal 
clock is not supplied to the CPU until timer 4 overflows. 





7 0 
| | | [.} | | | | Timer 12 mode register (address 00F4,¢) 


Timer 1 count source selection bit 
0 : (Xin) divided by 16 
1 : 1024s clock 


Timer 2 count source selection bit 
0 : Internal clock 
1 : External clock from TIM2 pin 


Timer 1 count stop bit 
0 : Count start 
1 : Count stop 


Timer 2 count stop bit 
0 : Count start 
1 : Count stop 


Timer 2 internal count source 
selection bit 


0 : f(Xiw) divided by 16 . 
1 : Timer 1 overflow 


Timer 34 mode register (address 00F5,¢) 


Timer 3 count source selection bit 
0 : f(Xiw) divided by 16 
1 : External clock from TIM3 pin 


Timer 4 internal count source 
selection bit 

0 : Timer 3 overflow 

1 : f(Xin) divided by 16 


Timer 3 count stop bit 
0 : Count start 
1 : Count stop 


Timer 4 count stop bit 
0 : Count start | 
1 : Count stop 


Timer 4 count source selection bit 
0 : internal clock 
1 : f(Xw) divided by 2 





Fig.6 Structure of timer 12 mode register and 
timer 34 mode register 
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Data bus 


8 
) 


1024us clock 
OD Timer 1 latch (8 
. 8 
CO) 1/8 D) > Timer 1 (8) 






Timer 1 
interrupt request 







Timer 2 latch (8) 
8 






\ 


Timer 2 
interrupt request 


P3./TIM2 © [> 


Reset 
STP instruction 


P3,/TIM3 © [a 


Timer 3 
interrupt request 





Timer 4 latch (8) 
8 


wy, > Timer 4 (8) 
T34M, 
T34M3 





Timer 4 
interrupt request 


Selection gate : Connected to black 
colored side at reset 





“O- 


Note : Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles 


Fig. 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 

M37102M8-XXXSP has two serial I/O (serial I/O 1, serial 
I/O 2). Serial |/O 1 has the same function as serial I/O 2. 

A block diagram of the serial I/O is shown in Figure 8. 

In the serial |/O mode the receive ready signal (Sppyi) , 
synchronous input/output clock (Sc.xi), and the serial I/O 
pins (Sourz, Sinz) are used as port P4. The serial I/O; mode 
registers. (address 00DC1.¢, OODE,,) are 8-bit registers. Bits 
0, 1 and 2 of these registers are used to select a synchro- 
nous clock source. 

Bit 3 and 4 decide whether parts of P4 will be used as a 
serial 1/O or not. 





Xin O 


re} 


P43 latch 


P4s/Sapyi O LY 
SIO1M, 


PA, latch eS 
P44/Scixi1 O 


a, 
SIO1M3 
P4, latch 


SIO1Ms : 
P4/SouT: O oe < 
SIO1M3 


P4./Sint © 


P4, latch PWM8 


P47/Sroy2 O any q 
SIO2M, SB, 


P4, latch SCL 


P45/Scixe O C 


SIO2Mz, SBe 
P4, latch SDA 

SIO2M. : 

P44/Soute O a q : 

‘ §102M3 ~—- SB 


P4,¢/ © 
6 Sine SB, 


P4, latch 


Fig. 8 Block diagram of serial I/O 


SIO1Me2 ~ Y 
(an 


Sync. 


Serial |/O counter 1 (8) 


LSB++MSB 


e Serial I/O shift register 1 (8) 7 


Serial 1/O counter 2. (8) 


To use P4, or P4¢ as a serial input, set the directional reg- 
ister bit which corresponds to P4, or P4, to “0”. For more 
information on the directional register, refer to the I/O pin 
section. 


‘ Also to use internal clock of serial I/O 2, bit 1 of special 


mode register 1 (address 00DA,,) needs to be set to “1”. 
The serial I/O function is discussed below. The function of 
the serial 1/O differs depending on the clock source; exter- 
nal clock or internal clock. 


Data bus 


1/4 11/8 |1/16 
SiO1M, 
0 SIO1Mo 


Serial 1/01 
interrupt request 


Serial 1/02 
interrupt request 


LSB++MSB 


Serial |/O shift register 2 (8) A 
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Internal clock—The Sprpyi signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O; 
register (address 00DDj.6, OODF,,). After the falling edge of 
the write signal, the Sppy; signal becomes low signaling 
that the M37102M8-XXXSP is ready to receive the external 
serial data. The Srpyi signal goes “H” at the next falling 
edge of the transfer clock. The serial |/O, counter is set to 
7 when data is stored in the serial |/O; register. At each 
falling edge of the transfer clock, serial data is output to 
Souti. During the rising edge of this clock, data can be in- 
put from Siz and the data in the serial I/O, register will be 
shifted 1 bit. 

Transfer direction can be selected by bit 5 of serial |/O; 
mode register. After the transfer clock has counted 8 times, 
the serial |/O; register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 








Sync clock 





Transfer clock 


Serial 1/O, register 
write signal 


Serial 1/O output 
Sout1 

Serial I/O input 
Sinz 







Receivable signal 


Srapy2 


Fig.9 Serial 1/O timing 


Transmission side 


Serial 1/O1 mode register 


Sroy1 
Bit 4 Bit 0 


Bey ieee 


Do KO A Pel K_Ds X_O% _X_Os XO fo» 


bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. When using an external clock for trans- 
fer, the external clock must be held at “H” level when the 
serial |/O; counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial |/O counter 
must be initialized after switching. 

An example of communication between two M37102M8- 
XXXSPs is shown in Figure 10. 







Interrupt request bit set 


Reception side 


Serial |/O1 mode register 


Sarpy, 
Bit 4 Bit 0 


EER RESES 


Sync clock 


Sekt 


The direction register for pin Sapy1 
should be set to input mode 


Seik1 


The direction register for pin Sint 
should be to input mode 


Serial data 


Fig. 10 Example of serial I/O connection 
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7 0 7 ; 
ce Wesel dese Serial 1/01 mode register a ee a Serial 1/02 mode register 
% (address 00DCj¢) ‘ (address OODE,.) 


Internal synchronous clock 
selection bit 


00: f(Xiw) divided by 4 
01: f(Xin) divided by 16 
10: (Xi) divided by 32 
11: f(Xjw) divided by 64 


Sync clock selection bit 
0 : External clock 
1 : Internal clock 


Serial 1/O1 port selection bit 
0 : Port P4o, P4, 


1: Sout Seiki 


Srpyi signal output selection bit 
0 : Port P43 


1: Srpy1 


Internal synchronous clock 


selection bit 
00: f(Xin) divided by 4 
O01: f(Xin) divided by 16 
10: f(Xy) divided’ by 32 
11: f(Xin) divided by 64 
Sync. clock selection bit 
0 : External clock 
1 : Internal clock 


Serial 1/02 port selection bit 
0 : Port P44, P4., 
1 = Special mode (see Fig 15) 


Srpy2 Signal output selection bit 
0 : Port P4, 
1. : Special mode (see Fig 15) 


Transfer direction selection bit Transfer direction selection bit 
0: LSB 0: LSB 


1 > MSB 1 : MSB 


{ 





Fig. 11 Structure of serial 1/O; mode register 
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SPECIAL MODE (I?C BUS MODE”) 
M37102M8-XXXSP has a special serial |/O circuit that can 
be reception or transmission of serial data in conformity 
with IC (inter IC) bus format. 

I7C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICS of a 
machinery. 

M37102M8-XXXSP’s special serial 1/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial |/O are explained in the following: 

(1) Master transmission 

To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 00DB,,) to “1” so as 
to special mode serial I/O interrupt is selected. Then set 
bit 3 of interrupt control register 2 (address OOFF1,) to “1” 
so as to special mode serial I/O interrupt is enabled. Clear 
the interrupt disable flag | to “O” by using the CLI instruc- 
tion. 

The output signals of master transmission SDA and SCL are 
output from ports P4, and P45. Set all bits (bits 4 and 5) 
corresponding to P4, and P4, of the port P4 register 
(address 00C8,,) and the port P4 direction register 
(address 00C94¢) to “1”. 

Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4. 
(For instance, if f(Xiy)/16 is selected as the clock source 
of timer 4 and 4 is set in timer 4 when f(Xiy) is 4MHz, the 
master transmission clock frequency is 25kHz.) 

Set contents of the special mode register 2 (address 
00DB,,). (Usually, “83;,”.) 

Set the bit 3 of serial |/O2 mode register (address 00DEj¢). 
After that set the special mode register 1 (address 
OODAi.¢). Figure 15 shows the structure of special mode 
registers 1 and 2. 

Initial setting is completed by the above procedure. 

Write data to be transmitted in the special serial !/O regis- 


P4. latch 
P4,/SCL () 


L/S 
SlO2M3 
SI/O counter 2 


P4,/SDA () 


circuit 


SIO2M3 
SI/O shift register 2 


Data bus 


Fig. 12 Block diagram of special serial 1/O 





ter (address 00D9,,). Immediately after this, clear bits 0 
and 1 of special mode regiser 2 (to “0”) to make both SDA 
and SCL output to “L”. This is for arbitration. The start sig- 
nal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK reception and the output level 
becomes “H” at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 

When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to “1” (issue of interrupt 
request), notifying the end of data transmission. 

To transmit data successively, write data to be sent to the 
special serial !/O register, and set the interrupt enabled 
state again. By repeating this procedure, unlimited number 
of bytes can be transmitted. 

To terminate data transfer, clear bits 0 and 1 of the special 
mode register to “O”, set bit 1 clock SCL to “1”, then set bit 
1 data SDA to “1”. This procedure transmits the stop signal. 
Figure 13 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, set master reception ACK provided 
(26,6) in the special mode register 1 (address OODA\.) , 
and write “FF,” in the special serial |/O register (address 
00D9,.). This sets data line SDA to “H” and to perform 8- 
clock master reception. Then, “L” is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 

Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 14 shows master reception timing. 


Sync circuit 


Interrupt request 


[season 
SB, 

P4, latch 

ey, 


* > Purchase of Mitsubishi Electric Corporation’s I?C components converys a license under the Philips I?7C Patent Rights to use these 
components in an I?C system, provided that the system conforms to the ?7C Standard Specification as defined by Philips. 
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P4;/SCL PLP LI LI LE LI LLL] | 


Fig. 13 Master transmission timing 






Reception data 
P4,/SDA. 
P4./SCL 


P4,/SDA ! ' ! ' ! 
Mi ia sl es dd ee i od ed ed 


P4./SCL PLE LIL LI LI LILI] | ene e 


Fig. 14 Master reception timing 


Y 0 7 : 
WERRRTET Special mode register 1 a! Special mode register 2 
(address 00DAj¢) | (aasfess d0De.) 


Transmission and reception mode Data line control bit 


selection bit 0 : SDA outputs “L” 
>R tion mode : 
0 - Recep 1: SDA outputs “H” 


1 : Transmission mode 





Synchronous clock selection bit Clock line control bit 
0 : External clock 0 : SCL outputs “L” 
1 : Timer 4 overflow 1 : SCL outputs “H” 





P4,, P4s special mode selection bit ACK recognition bit 
; 0 : ACK was received 
0 + Soura, Soke signal output 1 : ACK ts not received 
1 : SDA, SCL signal output 





Wait function 1 enable bit 
P4, special mode selection bit 0 : Wait function 1 is disabled 
0 : P4, output 1 : Wait function 1 is enabled 


1 >: PWM9 output 
Wait function 2 enable bit 


P4, special mode selection bit ; 0 : Wait function 2 is disabled 
0 : Sapy2 signal output 1 : Wait function 2 is enabled 
1 : PWMB8 output 
Wait function 1 acceptance display bit 
ACK operation selection bit 0 : Wait function 1 is not accepting 
0 : ACK is not sent or received 1 : Wait function 1 is accepting 
1 : ACK is sent and received. : 
Wait function 2 acceptance display bit 
Start signal detect bit 0 : Wait function 2 is not accepting 
0 : Start signal is not detected 1 : Wait function 2 is accepting 
1 : Start signal was detected 
. interrupt selection bit 
Stop signal detect bit 0 : Serial 1/02 interrupt 
0 : Stop signal is not detected 1 : Special serial |/O interrupt 
1 : Stop signal was detected 





Fig. 15 Structure of special mode registers 1 and 2 
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PWM OUTPUT CIRCUIT 


(1) 


Introduction 

The M37102M8-XXXSP is equipped with one 14-bit 
PWM (DA) and ten 8-bit PWMs (PWM0-PWM9). The 
14-bit resolution gives DA the minimum resolution bit 
width of 500ns (for Xi;y=4MHz) and a repeat period of 
8192us. PWMO-PWM9 have a 8-bit resolution with 
minimum resolution bit width of 8us and repeat period 
of 2048s. 

Block diagram of the PWM is shown in Figure 16. 

The PWM timing generator section applies individual 
control signals to DA and PWMO-9 using clock input 
Xin divided by 2 as a referece signal. 

Data setting 

The output pins PWM0O-7 are in common with port P6 
and PWM6B, 9 are in common with port P4,, P47. 

For PWM output, each PWM output selection bit (bit 1 
to 7 of PWM output control register 1, bit 0, 1 of PWM 
output control register 2, bit 3, 4 of special mode regis- 
ter 1 and bit 4 of serial |/O 2 mode register) should be 
set. When DA is used for output, first set the higher 8- 
bit of the DA-H register (address O00CE,,) , then the 
lower 6-bit of the DA-L register (address O00CF,.). 
When one of the PWMO0-9 is used for output, set the 8- 
bit in the PWMO0-9 register (address 00D04, to 00D446, 
OOF6,, to OOFA,,), respectively. 

Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. However, bit 7 of the DA-L register indicated 
the completion of the data transfer from the DA register 
to the DA latch. If bit 7 is “0”, the transfer has been 


completed, if bit 7 is “1”, the transfer has not yet | 


begun. 

Operation of the 8-bit PWMs 

The timing diagram of the ten 8-bit PWMs (PWMO0-9) 
is shown in Figure 17. One period (T) is composed of 
256 (2°) segments. 


ae SR 


with ON-SCREEN DISPLAY CONTROLLER 





There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter- 
nal section. Refer to Figure 17 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high- 
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
i.e. 256/256. 

(5) 14-bit PWM operation 
The output example of the 14-bit PWM is shown in Fi- 
gure 18. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length D, times T is output 
every short area of t=256 T=128us as determined by 
data Dy of the higher 8 bits. 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus 7. As a result, 
the short-area period t (=128us, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 
At reset the output of port P4, P6 is in the high impe- 
dance state and the contents of the PWM register and 
latch are undefined. Note that after setting the PWM 
register, its data is transferred to the latch. 


Table 2. Relation between the 6 low-order bits 
of data and high-level area increase space 


LSB ‘ 
ane. 
000001 
000010 m=16, 48 
000100 m= 8, 24, 40, 56 
001000 m= 4, 12, 20, 28, 36, 44, 52, 60 
010000 m= 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 


100000 | m=1, 3,5, 72). 57, 59, 61, 63 
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Data bus 









DA-L register 





DA-H register 
(address 00CE,¢) 








14-bit PWM circuit 4 JD 
> O 
Timing 


generator 
for PWM: 






a 






PWMO register 
(address 00D0,,) 





pe Selection gate : connected to black 
colored side when 
2 Pass gate 


reset. 


PM : PWM output control register 1 
PN - PWM output control register 2 
D4 : Port P4 directional register 
P4 : Port P4 register 

D6 : Port P6 directional register 
P6 : Port P6 register 

SB : Special mode register 1 
SIO2M : Serial 1/0 2 mode register 


| 
PWM2 
a ee ee ; P6, D62 i? 
J PW. 1 
PWM3 
r —_——_ aa ae ome ae ome aw a ee ae ee ee oe ee ome -| P65 D63 re 
! = 
| { PW 
PWM4 
. a a =e we ee oe ee oe oe ee ae oe ow P6, D6. Je 
1 
| borane PWM5 
r —~ «=m awe owe = eee eee ee ee eee ee oe ee ee 4 P65 D65 fe. 
| pb J >— 4 
| os PWM6 
D6 
SS SS SS SS SS eS i PG. «+O Nec 
i 
| 1 PNo 
r a — = ase == ee =e —_ ———_— — a= ame ae cam 7 P67 D67 pe. PWM7 
! Sap 
1 
| pore: P 
sa eadaas aceite Nemes ea eats pases ga, ee ee eee J 7 me WM8 
i: TSaove P4, 
1 SB, SIO2M, ‘L ie 
r —— a ee a a a ee, ee se ee ce P4, D4, fe? 9 
| Lb FH 
| | 86 
——_ an ean Gen e=ew ee ow ee eee ee ee eee ee ee eee Se ee 
Inside of: ‘is aS same contents with the others 


Fig. 16 Block diagram of the PWM circuit 
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13579 20 0 40 50 60 70 80 90 100 Ho 120 130 140 150 160 170 180 190 200 210 220 30 240 250 255 


Bit 7 


2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102106110114 118122} 261 301341381 42 146150 154158 162166 170174178182186190 194198202 20621021 4218222 226 230 234238242246 250 254 
Bit 6 


4 12 20 28 36 44 92 100 108 116 124 132 140 180 188 1196 204 212 220 228 236 244 252 
Bit 5 
: 8 120 136 : 184 288 216 232 248 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
Bit 0 


(a) Pulses showing the Weight of each bit 


Contents 
of the latch 


When 00;¢ (0) 
When 0146 (1) 
When 18, (24) 
When FF4_6(255) 


When output is PWMOto9 t=8us T=2048us 
When f( Xin) =4MHz 


(b) Example of 8-bit PWM output 





Fig. 17 98-bit PWM timing diagram 
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Set “2C,,” to DA-H register Set “28,,” to DA-L register 


Latch transfer complete bit 
0 | Transfer complete 


Wr 
(Automatically set at writing) 
(DA-H register] fofofifofi]ifofo] (DA-L register) if Tifofifofofo 


bit 7 bit 0 bit 7 bit 0 
Next period Next period 
after writing after writing 
bit 13 bit 0 
(Da tatch) §=fopotrpotr yi foyotifofi]ofojo| 
These bits decide “H” level area These bits decide smaller intervals tm in which “H” level area 


of fundamental waveform 


ee level area .) 7 ( Minimum ) i higher 8 ) 
fundamental waveform durations 0. 5s value of DA latch 


is (“H” level area of fundamental waveform plus r) 


Fundamental 
wareform 


14-bit 
PWM 
output 






Waveform of smaller intervals tm specified by the lower 6 bits 


0. 5us X44 







0. Sus X44 




























eit FF yFEIFD! ~ #D51D41D3'D2t ~ 102101100 


8-bit FFiFEtFD! ~ 1D51D41D3,D24 ~ 102101100 
counter 


The fundamental waveform of smaller intervals 
tm which ts not specified by the lower 6 bits 1s 
not changed 


0. 5usX44 


14-bit PWM output 





DA latch 
the lower 6 bits output 


T=8192us 


ee wasueunaannnceuey 


Fig. 18 14-bit PWM output example (f(X x) =4MHz) 
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7 0 
| | | | | | | | |) PWM output control register 1 PWM output control register 2 


(address 00D54.) (address 00D6,.) 
DA, PWM count source selection bit P6./PWM6 output selection bit 


0 : Count source supply 0 : P6, output 
1 : Count source stop 1 : PWM6 output 


DA/PN, output selection bit P67/PWM7 output selection bit 
0 : DA output 0 : P67 output 
1 : PN, output 1 : PWM7 output 


P6,/PWMO output selection bit DA output polarity selection bit 
0 : P6, output 0 : Positive polarity 
1 : PWMO output 1 : Negative polarity 


P6,/PWM1 output selection bit PWM output polarity selection bit 


0 : P6, output 0 : Positive polarity 
1 : PWM1 output 1 : Negative polarity 


P6,/PWM2 output selection bit DA wide use output register 
0 : P6, output 0 : “0” output 
1 >: PWM2 output 1 : “1” output 


P63/PWMs3 output selection bit 
0 : P63 output 
1 : PWM3 output 


P6,/PWM4 output selection bit 
0 : P6, output 
1 : PWM4 output 


P6;/PWM5 output selection bit 
0 : P6, output 
1 = PWM5 output 





Fig. 19 Structure of PWM output control register 1 and 2 
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A-D CONVERTER. 


Block diagram of A-D converter is shown in Figure 21. A-D 


converter consists of 4-bit D-A converter and comparator. A-D control register 
The A-D control register can generate 1/16 Vgc-step inter- (address OOEF 16) 

nal analog voltage based on the settings of bits 0 to 3. Internal analog voltage 
Table 3 gives the relation between the descriptions of A-D set bit (See table 3) 


control register bits 0 to 3 and the generated internal ana- 


Comparison result 
log voltage. The comparison result of the analog input vol- 


0 : Input voltage < 


tage and the internal analog voltage is stored in the A-D internal voltage 
‘ , 1 : Input voltage > 

control register, bit 4. Internal voltage 

The data is compared by setting the directional register ————_———  A-D input pin selection bit 

corresponding to port P35, P83, to “0” (port P3s, P3, enters Oe SepeD pm 

the input mode), to allow port P3./A-D1, P3./A-D2 to be Noreow ila Papin 





used as the analog input pin. The digital value correspond- 
ing to the internal analog voltage to be compared is then 
written in the A-D control register, bit 0 to 3 and an analog 
input pin is selected. After 16 machine cycle, the voltage 
comparison starts. 


Fig. 20 Structure of A-D control register 


Table 3. Relationship between the contents of A-D 
control register and internal analog voltage 


A-D control register Internal analog voltage 
ntern 
Bi3_ | Bt2 | Bitl | Bito | 
ee cee ese. Wee 


0 3/32 Voc 
1 
1 

















/ 















1 


fea 
oo | 9/32 Voc 
| 0 | 
a 


o;oO 
— | st 





1 11/32. Vec 
13/32 Voc 
] 15/32 Voc 


1 


-- 











































EE a 
a 
0 D132 Vee 
1 1 0 4 25/32 Voc 
ie te 0 eae Wes 
ae ae me ee ee Vee 


Data bus 


A-D control register 
Comparator control 


A-D control 
V register 











Analog 7 
switch 








Switch tree 


Ladder resistor 





- Fig. 21 Block diagram of A-D converter 
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CRT DISPLAY FUNCTIONS 


(1) Outline of CRT Display Functions 

Table 4 outlines the CRT display functions of the 
M37102M8-XXXSP. The M37102M8-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 

Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 1216 dot configuration to 
obtain smooth character patterns. (See Figure 22) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 


Tabie 4. Outline of CRT display functions 


Parameter Functions 


Number of display 






24 charactersX3 lines 







character 
Character 





12X16 dots (See Figure 22) 






configuration 
Kinds of character 126 
Character size 4 size selectable 


6a Kinds of color 15 (max.) 
Coloring unit 


Display expansion Possible (multiple lines) 



















° 
ie} 
nt 


















Set the character to be displayed in display RAM. 

Set the display color by using the color register. 
Specify the color register in which the display color is 
set by using the display RAM. 

Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

Specify the horizontal position by using the horizontal 
position register. 

Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync Signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 24 shows a block diagram of the CRT display control 
circuit. Figure 23 shows the structure of the CRT display 
control register. 


Se ©8090 


© © 


y 0 
YT TJ | J J J] CRT control register 


(Address OOEAi¢) 
Display of all blocks control bit (Note 1) 
0 : Display of all blocks off 
1 : Display of all blocks on 


Display of block 1 control bit 
0 : Display of block 1 off 
1 : Display of block 1 on 


Display of block 2 control bit 
0 : Display of block 2 off 
1 : Display of block 2 on 


Display of block 3 control bit 
0 : Display of block 3 off 


1 : Display of block 3 on 


Block 1 color select mode switch bit 
0 : Normal mode 
1: Half character width color 
select mode 


Clock for display stop bit 
0 : Stop 
1 : Oscillation enable 


Scanning line double count mode bit 
0 : Normal mode (256 lines) 
1 : Double count mode 


Test bit : This bit must be set to “0” 
Note 1 : Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit 
Fig. 23 Structure of CRT control register 
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Osc! OSC2 Hsync Vsyne 
@ C) OO 


(Address 00EA;¢) 


CRT control register 





Clock generating 


circuit 
(Address 00E116 to 00E3,,) 





Vertical position register 





(Address 00E41.¢) 


Character size register 


Display position control circuit 
) 
(Address 00E0;.) 


Horizontal position register 


(Address 00E5;,) 


Border register 


Display control 
circuit 


RAM for display 
11-bit X24X1 


: ROM for display Border RAM 
+ 9-bit X24X2 12-bit X 16126 


(Address 00E64, 
to 00E9,,) 


Color register 


(Address 00EC,,) 


CRT port control register 





Data bus 


BO 

a©O) 

BO) 
O 
© 


Fig. 24 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a “block.” There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 27), a block of the smaller block 
No. (1 to 3) is displayed. 

lf when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 27), the 
former block is overridden and the latter is displayed. 

The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00;,¢ to 7F1, to bits 0 to 6 in the vertical position 
register (addresses 00E11, to 00E3,,). Figure 25 shows the 
structure of the vertical position register. 


Vertical position register 
(Address 00E1,,¢ to 00E3,,) 


The vertical display start position 
128-step positions (0016 to 7Fy.) 





Fig. 25 Structure of vertical position registers 


The horizontal direction is common to all blocks, and can 
be specified from 64 -step display positions (4Tc per step 
(Tc=oscillation cycle for display) by setting values 00,, to 
3Fig to bits 0 to 5 in the horizontal position register 
(address 00E0,,¢). Figure 26 shows the structure of the 
horizontal position register. 


Horizontal position register 
(Address 00E0,.) 


The horizontal display start position 
64-step positions (001, to 3F4.) 


Test bit - This bit must be set to “Q” 





Fig. 26 Structure of horizontal position register 





\ 


MITSUBISHI MICROCOMPUTERS 


M37102M8-XXXSP/FP 
M37201M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 





(HR) 
cv,-t--+—--|-- 


Block 1 


{ 

CVo- TT pr 
| 

| 

CV,-+~--- 


(a) Example when each block is separated 





Block 1 





(b) Example when the display start position of a block overlaps with some other block 


Block 1 (Block 2) 


| 
| 
| 
i 
| 
| 
| 
| 
| 


V 
Ce eS ae 


Block 1’ (Block 3) 





(c) Example when one block is displaying some other block is superimposed 


Fig. 27 Display position 
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7 0 
Character size register 
(Address 00E4,,) 
Block 1 character size selection bit 
00 : Small size 
01 : Medium size 
10 : Large size 
11: Extra large size 
Block 2 character size selection bit 
00 : Small size 
01 > Medium size 
10 : Large size 
11 : Extra large size 





(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4,,) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 28 
shows the structure of the character size register. 

The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 


h ll siz nsists of Lone scanning line) X [1 Tc]; the 
The small size consists o lo oCe g e) ( J Block 3 character size selection bit 


medium size consists of [two scanning lines) X (2 Tc]; the G0 Sivailsiza 
large size consists of (three scanning lines) X (3 Tc); and 01 : Medium size 
the extra large size consists of [four scanning lines) X [4 10 : Large size 
Tc}. Table 5 shows the relationship between the set values 11 : Extra large size 


in the character size register and the character sizes. 





Fig. 28 Structure of character size register 


Table 5. The relationship between the set values of the character size register and the character sizes 


Character Width (horizontal) Height (vertical) 

CSno size direction direction 

ee a a ee es eee eer 

P| Medium | 2 Te 

Ee seal el 
as: era 










3 Te 
4 To 


Note : The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common to 
all blocks even when the character size varies with each block (See Figure 29) 
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(4) Display Memory 

There are two types of display memory: ROM of CRT dis- 
play (3000,g to 3FFF,.) used to store character dot data 
(masked) and display RAM (2000;¢, to 20D7,¢) used to 
specify the colors of characters to be displayed. The fol- 
lowing describes each type of display memory. 

(@ ROM for CRT display (30001, to 3FFFi.) 

The CRT display ROM contains dot pattern data for charac- 
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis- 
play ROM) into the CRT display RAM. 


Display start position 


Fig. 29 Display start position of each character size 
(horizontal direction) 





The CRT display ROM has a capacity of 4K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 128 kinds of characters. Actually, however, 
because two characters are required for test pattern use, 
the ROM can contain up to 126 kinds of characters for dis- 
play use. 

The CRT display ROM space is broadly divided into two 
areas. The [vertical 16 dots} X (horizontal (left side) 8 
dots] data of display characters are stored in addresses 
3000,6 to 37FF1.¢; the [vertical 16 dots) X [horizontal (right 
side) 4 dots] data of display characters are stored in 
addresses 3800, to 3FFF,,. (See Figure 30) Note however 
that the four upper bits in the data to be written to addres- 
ses 3800;, to 3FFF,;, must be set to “1” (by writing data 
F016 to FF4,). 


Table 6. Character code list 


Character code 


Contained up address of character data 
Left 8 dots lines Right 4 dots lines 
ae 


380F 16 


ae he 
381% Fig 
Pee 


ae 


3FFFie 


* For test pattern 
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The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 

Assume that data for one character is stored at 3XX0j., to 
3XXFig (XX denotes O0ig to 7Fig) and 3YY0i¢ to 3YYFi¢ 
(YY denotes 801. to FFi¢), then the character code for it is 
“XXi6 . 


In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) address (3000;, to 37FF,,) where data for that 
character is stored. 

Table 6 lists the character codes. 

















0/0 
lelelolo 


Fig. 30 Display character stored area 
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@ CRT display RAM (20004, to 20D7;.) 

The CRT display RAM is allocated at addresses 2000. to 
20D7,i.6, and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 

When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000,, and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080,,. The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. . 

The structure of the CRT display RAM is shown in Figure 
30. Write the character patterns at Table 8 and 9, when 
M37102M8-XXXSP is mask-ordered. 


Table 7. The contents of the CRT display RAM 


Display position (from left) Character code specification Color specification 
200016 208016 
2001 16 208116 
Block 1 










3rd column 208216 
22th column 209516 
23th column 201 616 209616 
24th column 201746 209716 | 






















201846 
Not used to 
201 Fig 
3rd column 20A216 
Block 2 : : 
22th column 20B5i6 


ee 203Fi6 


204016 206016 
204116 206116 


3rd column 204216 20C2i6 
22th column 205516 20D5i6 















Block 3 


23th column 205616 20D6i6 
24th column 


Not used 


205716 20D716 
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Block 1 
(Character specification) 
7 0 
1st column : 2000i¢ 
to 
24th column : 201746 
Character code 
Specify 126 characters at 00,5 to 7Di¢ 
(Color specification) 
3 0 
1st column : 2080. 
to 
24th column : 209746 
Former half color register specification 
in the normal mode or in the half character 
width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
| 10 : Color register 2 specification 
11 : Color register 3 specification 
Latter half color register specification 
in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 
Block 2, 3 
(Character specification) ; 
1st column : 20201. 
to 
24th column : 203746 
Character code 
(Address 20401, to 20574, in the case of block 3) Specify 126 characters at 001.6 to 7Di, 
(Color specification) ; 
0 


1st column : 20A04¢ 


to 
24th column : 20B71¢ 


Color register specification 


(Address 20C0,, to 20D7;, in the case of block 3) 00°? Color: recister 0: specification 


01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


Fig. 31 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 (5) Color Registers 
Data Address The color of a displayed character can be specified by set- 


40:6 || 3FE0j¢ ting the color to one of the four color registers (COO to 
0416 | 3FE116 CO3: addresses 00E6,¢ to 00E9,¢) and then specifying that 
| SFE2i6 color register with the CRT display RAM. 












S7ESi6 2016 SFESi6 There are four color outputs: R, G, B, and |. By using a 


0216 SFE4i6 combination of these outputs, it is possible to set 24-1 - 
ef Edie SrEDie (when no output) = 15 colors. However, because only four 
1016 SFE6 16 


| color registers are available, up to four colors can be dis- 
37ET 6 Ole | 3FE7 16 2 ie 








8016 3FE8, played at one time. 
SFE 

Oo | 

40, | SFEB 
Oe arECs 
0016 | 3FEDi¢ F416 
| 


R, G, B, and | outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 32 shows the struc- 
ture of the color register. 


fo) 
= 
o 


SFEAt6 


37EEi6 3FEE;6 F016 
37EF 16 


0216 SFEF 16 





Table 9. Test character patterns 2 Color register 
(Address 00E6,¢ to 00E9,,) 














x ee | 3FFO%6 
37F 116 | 006 || SFFIis | FO1e 
B7F2i6 | 016 3FF2i6 F016 
37F 346 | 0016 || 3FF 316 FO.6 

ates fie serie rt 

00%e 

ee: aaa Ae eS 

| 87F7%16 | 0016 || SFF7ip =| FO 
| 87FBie | 0015 || SFFBig =| FOre 
37 F916 | O06 || So SFF918 =| FOre 


S7FAis | 0016 || SFA | FOe 
S7FBre | 0016 =| SFFBip | FO 


[a7FCe | 00 | GFF | Fe 
[a7 | 00 || SFO | FOve 
Parr | Oe || SFE. | FOve 
[arr [00% | SRF | Fe 


| pin output bit 
0 : No character is output 
1 : Character is output 





B pin output bit 
0 : No character is output 
1 : Character is output 














G pin output bit 
0 : Nocharacter is output 
1 : Character is output 


R pin output bit 
0 : Nocharacter Is output 
1 | Character is output 





OUT pin output bit (Note) 
0 : No character or blank is output 
1 : Character or blank is output 


OUT pin output control bit (Note) 
0 : OUT pin outputs character 
1 : OUT pin outputs blank 


When the character outlining function is used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 





Fig. 32 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting “1” to bit 4 in the CRT control register (address 
OQOEA,,) it is possible to specify colors in units of a half 
character size (vertical 16 dots Xhorizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 


Color of the color register 
specified by bit 0 and bit 1 
of address 2080;, 


(a) Display in the normal mode 
Color of the color register 


specified by bit 0 and bit 1 
of address 2080), 


Color of the color register 
specified by bit 2 and bit 3 
of address 20804, 


(b) Display in the half character width color select mode 


Color of the color register 
specified by bit O and bit 1 





@The left half of the character is set to the color of the col- 
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 20804. to 209746). 

@The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 20801, to 209716). 


Color of the color register 
specified by bit 0 and bit 1 
of address 20811, 


Block 1 


Color of the color register 
specified by bit 2 and bit 3 
of address 20814. 


Block 1 
of address 208146 


Fig. 33 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37102M8-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver- 
tical positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 

The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one: block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to “O” and set- 
ting the CRT interrupt enable bit (bit 4 at address OOFE,.) 
to “1”), then execute the following processing in the CRT 
interrupt handling routine. 


@Read the value of the display block counter: 
@The block for which display is terminated (i.e., the cause 
‘of CRT interrupt generation) can be determined by the 
value read in ©. 

@)Replace the display character data ahd display position 
of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 34 shows the structure of the display block counter. 


Display block counter 
(address 00EB,,) 


Indicates number of blocks that are 
being displayed or were displayed 





Fig. 34 Structure of display block counter 


Count value Interrupt 


position 


Block 1 
Block 2 


Block 3 
Block 1’ 





Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 


mode are 128 steps from 00,1. to 7Fi., or four scanning lines , 


per step, the number of steps in the scanning line double 
count mode is 64 from 00;,¢ to 3Fi.¢, or eight scanning lines 
per step. 


Vertical position A 


Py } Scanning line 16 lines 


(a) Display in the normal mode 





If the contents of the vertical position register for a block 
are set in the address range of 40,, to 7Fi, in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

in the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
QOEA;,) to “1”. 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 


Vertical position AX2 


Scanning line 32 lines 


(b) Display in the scanning line double count mode 


Fig. 36 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 

An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 
vertical directions. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 


Border can be specified in units of block by using the bor- 
der select register (address 00E5,,). Table 10 shows the 
relationship between the values set in the border select 
register and the character border function. Figure 38 shows 
the structure of the border select register. 


Table 10. The relationship between the value set in the border selection register and the character border function 






<a selection register 











Normal 









— 
- 


[J 1s border 
Mi is display by character data 


Fig. 37 Example of border 


Functions Example of output 
—s i — r crc 


Border including character 


R, G, B, | output 
Border not including character 
OUT output 


R, G, B, | output 








OUT output 














R, G, B, | output seminal Vans 








OUT output 





Border selection register 
(Address 00E5;6) 


Block 1 OUT output border selection bit 
0 : The same as R, G, B is output 
1 : Border is output 


Block 1 output switch bit 
0 : Border including character 
1 : Border only 





Block 2 OUT output border selection bit 
0 : The same as R, G, B is output 


1 : Border is output 


Block 2 output switch bit 
0 : Border including character 
1 : Border only 


Block 3 OUT output border selection bit 
0 : The same as R, G, B Is output 
1 : Border is output 


Biock 3 output switch bit 
0 : Border including character 
1 : Border only 





Fig. 38 Structure of border selection register 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, I, and OUT are respectively 
shared with port P52, P53, P54, P5s, and P5g. When the cor- 
responding bits in the port P5 direction register are cleared 
to “0”, the pins are set for CRT output; when the bits are 
set to “1”, the pins function as port P5 (general- purpose 
output pins). 

The polarities of CRT outputs (R, G, B, |, and OUT, as well 
as Hsync and Vsync) can be specified by using the CRT 
port control register (address 00EC;,). 

Use bits 0 to 4 in the CRT port control register to set the 
output polarities of Hsync, Vsync, R/G/B, |, and OUT. When 
these bits are cleared to “0”, a positive polarity is selected; 
when the bits are set to “1”, a negative polarity is selected. 
Bits 5 to 7 in the CRT port control register are used to spe- 
cify pin by pin whether normal video signals or R-MUTE, G- 
MUTE, and B-MUTE signals are output from each pin (R, 
G, B). When set for R-MUTE, G-MUTE, and B-MUTE out- 
puts, the whole background colors of the screen become 
red, green, and blue. 

Figure 39 shows the structure of the CRT port control reg- 
ister. 


CRT port control register 
(address 00EC,.) 


Hsync input polarity selection bit 
0 : Positive polarity 
1 ° Negative polarity 


Vsync input polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 











R/G/B output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


| output polarity selection bit 
0 * Positive polarity 
1 : Negative polarity 


OUT output polarity selection bit 
0 : Positive polarity 
| | Negative polarity 


R pin output switch bit 
0 : R signal output 
| : MUTE signal output 





G pin output switch bit 
0 : G signal output 
1 2 MUTE signal output 


B pin output switch bit 
0 : B signal output 
] : MUTE signal output 





Fig. 39 Structure of CRT port control register 


(11) Scroll Function 

@® Scroll mode 

The M37102M8-XXXSP allows the display area to be gra- 
dually expanded or shrunk in the vertically direction in units 
of 1H (H: Hsync signal). There are three modes for this 
scroll method. Each mode has Down and UP modes, pro- 
viding a total of six modes. 

Table 11 shows the contents of each scroll mode. 

@ Scroll speed 

The scroll speed is determined by the vertical synchroniza- 
tion (Vsync) signal. For the NTSC interlace method, assum- 
ing that 

V=16.7ms 262.5 Hsync Signals per screen 

we obtain the scroll speed as shown in Table 12. 

Scroll resolution varies with each scroll mode. In mode 1 
and mode 2, one of three resolutions (1H, 2H, 4H) can be 
selected. In mode 3, scroll is done in units of 4H alone. 


Scroll mode register 
(address 00ED,,) 


Mode selection bit 
00 : Scroll disable 
01 : Mode 1 
10 : Mode 2 
11 : Mode 3 


Direction mode selection bit 
0: Down Mode 
1 : UP Mode 








Scroll unit selection bit 
00 ° 1H unit 
01 : 2H unit 
10 : 4H unit 


Stop mode selection bit 
00 : Stop at the 312th H 
01 : Stop at the 156th H 
10 : Stop at the 256th H 
11 : Stop at the 128th H 





Fig. 40 Structure of scroll mode register 
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Table 11. Scroll operation in each mode and the values of scroll mode register 


Scroll mode register 
Scroll operation 


Appear from 





upper side 


Erase from 


lower side 


Erase from 


upper side 


SOR Mm 


Appear from 


lower side 


Erase from both 





upper and lower side ! 





Wf 2 x 


Appear to both 


upper and lower side | 








Table 12. Scroll speed 


1 H~ unit 16.7 (ms) X262.5+ 1 = 4 (s) 


2 H_ unit 16.7 (ms) X262.5+ 2 = 2(s) 
4 H_ unit 16.7 (ms) X262.5+ 4 = 1 (s) 








Table 13. Scroll mode and scroll resolution 


Scroll 
Scroll speed 
resolution 


1H Unit about 4 second 
Mode 1 





2H Unit about 2 second 
Mode 2 
4H Unit about 1 second 





4H Unit about 1 second 
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INTERRUPT INTERVAL DETERMINATION 

FUNCTION 

The M37102M8-XXXSP incorporates an interrupt interval 

determination circuit. This interrupt interval determination 

circuit has an 8-bit binary counter as shown in Figure 41. 

Using this counter, it determines a duration of time from the 

rising transition (falling transition) of an input signal pulse 

on the INT, or INT. to the rising transition (falling transition) 
of the signal pulse that is input next. 

The following describes how the interrupt interval is deter- 

mined. 

1. The interrupt input to be determined (INT, input or 
INT. input) is selected by using bit 2 in the interrupt in- 
terval determination control register (address 00D8,,). 
When this bit is cleared to “0”, the INT, input is 
selected; when the bit is set to “1”, the INT. input is 
selected. 

2. When the INT, input is to be determined, the polarity is 
selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT» input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to “0”, determination is 
made of the interval of a positive polarity (rising 


transition); when the bit is set to “1”, determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to “0”, a 64us clock is selected; when 
the bit is set to “1”, a 32us clock is selected (based on 
an oscillation frequency of 4MHz in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT, 
pin (or INT pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64s or 32 
aS). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7,,) and the counter is im- 
mediately reset (00,,). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from “00,,” 

When count value “FE,,” is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
“FF,” to the determination register. 


Control 
circuit 8-bit binary up counter 


poe ! Interrupt interval determination circuit 
ilter 


Address 00D7i¢ 


Data bus 


Note : The pulse width of external interrupt INT, and INT2 need more than 5 machine cycles 





Fig. 41. Block diagram of interrupt interval determination circuit 


4 
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interrupt space distinguish control register 
(Address 00D8,.) 


Remote control determination circuit operation bit 
0 : Operation stop 
1 : Operation start 


Standard clock selection bit 
0 j 64us (At f(Xin) =4MHz) 
1 : 32us (At f(Xiy)=4MHz) 


External interrupt input pin selection bit 
O : INT, input 
1 ° INT» Input 


INT, pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 


INT2 pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 


Fig. 42 Structure of interrupt space distinguish control register 
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RESET CIRCUIT 

The M37102M8-XXXSP is reset according to the sequence 
shown in Figure 45. It starts the program from the address 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFE,., as the 
low order address, when the RESET pin is held at “L” level 
for no less than 2us while the power voltage is 5V+ 10% 


and the crystal oscillator oscillation is stable and then re- 
turned to “H” level. The internal initializations following re- 
set are shown in Figure 43. 

An example of the reset circuit is shown in Figure 44. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


Fig. 43 


Port PO directional register 
Port P1 directional register 
Port P2 directional register 
Port P3 directional register 
Port P4 directional register 
Port P5 directional register 
Port P6 directional register 
PWM output control register 1 


PWM output control register 2 


Interrupt space 
distinguish register 


Interrupt space 
distinguish control register 


Special mode register 1 
Special mode register 2 
Serial 1/O1 mode register 
Serial 1/O2 mode register 


Horizontal position register 


Color register 0 


Color register 1 

Color register 2 

Color register 3 

CRT control register 
Display block counter 
CRT port control register 
Scroll control register 

A-D control register 

Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer 12 mode register 
Timer 34 mode register 
CPU mode register 
interrupt request register 1 
Interrupt request register 2 
Interrupt control register 1 
Interrupt control register 2 
Processor status register 


Program counter 


Address 


(0 0C 1 46): 
(0 0C 346): 
(00C 56): 


(0 0C 7 46) 


(0 0C 946): 


(0 0C Big) 
(0 0 CDi) 


(00D 5i¢) - 


(0 0D 6 46) 
(00D 74.) 
(0 0D 846) 


(0 0 D Ais)" 


(0 0D Big) 
(0 0 DC.) 
(0 ODE 4g) 
(0 0 E 046) 
(0 0 E 6 46) 
(0 0E 746) 


(00 E 84.6): 
(0 0 E 946): 


(00 E Aj) 


(0 0 E Big): 
(0 0 ECi.)- 
(0 0 E Dig): 
(0 0E Fig) 
(00 F O46) « 
(00 F 146)°" 
(00 F 246)" 
(00 F 346)° 


(0 0F 446) 


(0 0 F 546): 
(00 F Big) - 
(0 0 F Ci¢)- 
(0 0 F Dig) - 
(0 0 F Ex) - 
(0 0 F F 46): 
(PS) 
(P Cu): 
(PC,): 


0046 
00,6 
0016 


0016 


0016 


mt 


0016 


|_| [9]ojojofo 


‘is 00:6 


e 


0016 
0016 





me 0016 


_|9}9]0]0/0) 

_|9[9/0/0/0| 
[0] Jo}o}ofolo 
LI [elolo}o/o| 
LI Jofo}o}o}o| 
_[o{o/ofofo| 
|_|9}0]0]0)0) 


0016 


}o|0]0]0/o|o| 
| jo} jolojo| 


FFis 


Li. 
Lm. 
[Oe 
[_T Telejofo}e[o| 
|_| [ololefojolo) 
19] [olofofofofo| 
[| Telefofolefo| 
[| Telofofo}ofo| 
LL Jelefololefo 
[| Telofofo}ofo| 
[me 
[LT I fefolele| 
[me 





a 


0716 
FFi¢ 


0716 


~L] | fololo}o 
_|9fo}o}o 
taf} fo} 
SOoog 
_(9/0}0}0]o| 
| [2}o}o}ojo| 
|_[9|9}0/0 
ede thd 


Contents of address 
FFFFi6 
Contents of address 
FFFE16 





il 


+ Since the contents of both registers other than those listed 


above and the RAM are undefined at reset, it is necessary to 


set initial values 


At reset, “O” 1s read from all bits which is not used 





Internal state of microcomputer at reset 


Supply voltage OV 


Reset input 
voltage OV 


M37102M8-XXXSP 





Fig. 44 Example of reset circuit 
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Internal RESET 


SYNC ed 


Address CX 21X00. 5X05 PRO. SIF FFE KFFFEX AB.) 
or C7 MK? Krew PCA PSX ADL KAD: ) 


Reset address from the vector table 


32768 count of f(X;y) (Note 3) 

: Frequency relation of f(Xiy) and ¢ts f(Xin)=2° ¢. 

: The mark “?” means that the address is change- 
able depending on the previous state 

: Immediately after a reset, FF;, is automatically set 
in timer 3 and 07,1, in timer 4 and timer 4, timer 3 
and the clock (f(Xi) divided by 16) are con- 
nected in series. 
Reset is canceled by the overflow signal of timer 
4. 





Fig. 45 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit 1/O port with CMOS output. 

As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00C04¢. 
Port PO has a directional register (address 00C1,.) 
which can be used to program each individual bit as 
input (“O”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address OOFB,,) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 

In these modes it functions as address (A7-A)) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A,5- 
Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (Do-D7) in- 
put/output port. Refer to the section on processor mod- 
es for details, 

Port P3 

Port P3 is an 7-bit 1/O port with function similar to port 
PO, but the output structure of P39, P3, is CMOS output 
and P3.-P3., is N-channel open drain. 

P32, P33 are in common with the external clock input 
pins of timer 2 and 3. 

P34, P3g are in common with the external interrupt input 
pins INT,, INT, and P35, P38, with the analog input pins 
of A-D converter A-D,, A-Do. 

In the microprocessor mode or the memory expanding 
mode, P39, P3; works as R/W signal output pin and 
SYNC signal output pin. 


(5) 


Port P4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial I/O 1 function is selected, P49-P43 work as in- 
put/output pins of serial 1/01. When a serial !/O2 func- 
tion is selected, P4,-P4, work as input/output pins of 
serial |/O2. 

In the special serial |/O mode, P4,, P4s work as SDA, 
SCL pins. P4,, P4, are in common with PWM8 and 9 
output pins. 

OSC1, OSC2 pins 

Clock input/output pins for CRT display function 

Hsync, Vsync Pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync iS a vertical synchronizing signal input pin for 
CRT display. 

R, G, B, |, OUT pins 

This is an 5-bit output pin for CRT display and in com- 
mon with P55-P5¢. 

Port P6 

Port P6 is an 8-bit !/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

This port is in common with 8-bit PWM output pin 
PWM0-PWM/7. 

D-A pin 

This is a 14-bit PWM output pin. 

¢ pin 

The internal system clock (1/4 the frequency of the 
oscillator connected between the Xiy and Xour pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going “H”. 
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Port PO, P1, P2, P39, P3, 


rs Directional register ans 


———s 
a 
ay 
<i 


Port P32-P35, P49-P4s 


aa Directional register - 
ee Port latch _ 


3 


CMOS tri-state output 









( ) Port PO, P1, P2, P3o, P3; 





Data bus 









N-channel open drain output 






@ Port P32-P36., P4,-P45 


Note : P3., P33 may also be used as 
timer inputs 
P34, P3g may also be used as 
external interrupt inputs. 
P35, P3g may also be used as 
input pins for A-D converter. 
P4,-P45 may also be used as 
serial 1/O pins. 


Data bus 







Port P4,, P47, P6 N-channel open drain output 





( ) Port P4s, P47, P6 


Le Directional register 4" 
ae ort latch = 


¥ 
3 
S 


Hsyne: Vsync Schmitt input D-A, ¢, R, G, B, |, OUT 
: CMOS output 
Data bus Hsync: Vsyne 


D-A, ¢, R, G, B, 1, OUT 


Data bus Note : P4,, P47, P6 may also be used as 


8-bit PWM output pins. 
P4,, P4, may also be used as 
serial 1/O pins 






Fig. 46 Block diagram of ports PO-P6 (single-chip mode) and output format of D-A, ¢, R, G, B, | OUT 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address O0FB,,¢), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports PO-P3 can be used as address, and data in- 
put/output pins. 

Figure 48 shows the functions of ports PO-P3. 

The memory map for the single-chip mode is shown in 
Figure 2 and for other modes, in Figure 47. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
M37102M8-XXXSP/FP into memory expansion mode. Con- 
necting CNVss to Vcc automatically forces the M37201M6- 


Internal ROM 


\\ 


Seno stays lay 


\< 


Internal RAM 


Special function 
registers 


Internal RAM 


Internal RAM 
Special function 
registers 

internal RAM 


Memory expansion 
mode 


Microprocessor mode 


The shaded area is external memory area 


Fig. 47 External memory area at each processor mode 





XXXSP into microprocessor mode. 
The three different modes are explained as follows: 


(1) Single-chip mode (00) 


The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO-P3 will work as original I/O 
ports. 

(2) Memory expansion mode (01) 
The microcomputer will be placed in the memory ex- 
pansion mode after connecting CNVss to Vcc and in- 
itiating a reset or connecting CNVgg to Vss and the pro- 
cessor mode bits are set to “01”. This mode is used to 
add external memory when the internal memory is not 
sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and its |/O port function is lost. 
Port P2 becomes the data bus of D7-Do (including in- 
struction code) and loses its I/O port function. Port P3, 
and P3, works as R/W and ¢. 

(3) Microprocessor mode [10] 
When CNVsgg is connected to Vss and the processor 
mode bits are set to “10”, the microcomputer will auto- 
matically default to microprocessor mode. In this mode, 
the internal ROM is inhibited so the external memory is 
required. Other functions are same as the memory ex- 
pansion mode. The relationship between the input level 
of CNVss and the processor mode is shown in Table 
14. 


Note : Use the M37102M8-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 
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Single-chip 
mode 


Ports P07-P05 


1/O port ~- 


Ports P17-P19 


X I/O port 


Ports P27- P29 


x I/O port 


Ports P32-P3¢ 
X I/O port 


Port P3, 
I/O port 


Port P3o 


1/O port 





Fig. 48 Processor mode and function of port PO-P3 





CNVss | Mode 


¢ Single-chip mode 
¢ Memory expansion mode 
¢ Microprocessor mode 












Vv 


ss 
Vcc 










The single-chip mode is set by the reset All modes can be selected by changing the pro- 
cessor mode bit with the program 


° Memory expansion mode | The memory expansion mode ts set by the reset (M37102M8-XXXSP/FP) 
° Microprocessor mode | The microprocessor mode is set by the reset (M37201M6-XXXSP) 


with ON-SCREEN DISPLAY CONTROLLER 


Memory expansion Microprocessor 
mode . mode 


Ports P0,-P0, Same as left 
Address 
A7z-Ao 
Ports P17-P1o Same as left 
Address 
Ais-Ag 


Ports P27-P25 Same as left 
D7-Do 


Ports P32-P3¢ 
X 1/O port 
Same as left 
Port P3, 
Port P35 


Table 14. Relationship between CNVsgzg pin input level and processor mode 





Explanation 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
51. 

When an-STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, timer 3 and 
timer 4 are connected automatically and FF, is set in the 
timer 3, 07;.¢ is set in the timer 4, and timer 3 count source 
is forced to f(X,y) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock ¢ keeps its “H” level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 49. 


Interrupt request 


C) 
interrupt ae. 
disable flag | 


WIT 
instruction 


STP instruction 


Fig. 51 


Block diagram of clock generating circuit 





The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 50 
Xin is the input, and Xoyrz iS open. 


M37 102M8-XXXSP 
Xin Xout 





Fig. 49 External ceramic resonator circuit 


M37102M8-XXXSP 
XIN 


External oscillating 
circuit 





STP instruction 





oe SR 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.1uF) directly between the Vcc pin and 
Vss pin using a heavy wire. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM order confirmation form 

(2) mark specification form 

(3) =1@) \, ike: | 7: ee EPROM 8 sets 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Voc Supply voltage 
Input voltage CNVss 





Input voltage PO -P07, P19-P17, P29-P27, 
P39-P3.6, P4o9-P47, P6o-P67, 
Hsync, Vsync, RESET 


v 
v 


—0.3 to Voc t0. 3 


With respect to Vss 
Output transistors are at “off” state 


‘e) 


D-A, Xour, OSC2 
Output voltage P45, P47, P69-P67 
Circuit current R, G, B, |, OUT, PQo-P07, 
P1o-P17, P29-P2s, 
P39, P3;, D-A 


Circuit current R, G, B, |, OUT, PO -PO,, 
lous P1o-P17, P2o-P23, 0 to 2( Note 2) 
P39-P3¢6, P49-P43, D-A 


baie Circuit current P69-P67, P4g, P47 0 to 1(Note 2) 


A 
A 
lots Circuit voltage P2,4-P27 0 to 10( Note 3) 
0 to 3(Note 2) 
Cc 
C 





—0.3 to 13 


0 to 1(Note 1) mA 


Output voltage PQ -P07, P19-P17, P29-P27, 
P3p-P35, P49-P45, R, G, B, |, OUT, —0.3 to Vect0.3 ° V 





Power dissipation Tag=25C 550 


m 

m 

m 

m 
Topr Operating temperature —10 to 70 


—40 to 125 





rm 
aS 


Tstq Storage temperature 


RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—10 to 70°C unless otherwise noted) 









Symbol Parameter 





Typ 










Supply voltage(Note 4) During the CRT operation 





ah 
on 


Supply voltage 
“H” input voltage PO -P07, P19-P17, P2o-P27, 
P39-P3¢6, P49-P43, P46,P47, 


” 
” 


< =< 
= re) 














Ad 
° 


Re ae eet oe gees . V 
P69-P67, Hsync, Vsync, RESET, at 
Xin, OSC1 
“H” input voltage P4,, P45 L Voc 





“L” input voltage PQ -P07, P19-P17, P29-P27, 

P39, P31, P35, P49, P43-P45, P47 

“L” input voltage P32-P3,4, P36, P41, P42, P4g, 

Hsync; Vsync, RESET, Xin, OSC1 

“H” average output current (Note 1) R,G,B,1,OUT,POo-P07, 
P19-P17, P29-P27, P39, P3 

“L” average output current (Note 2) R,G,B,!,OUT,PQ9-P0,, 
P2o-P23, P3p-P3g, P4p-P4y, D-A 

love “L” average output current (Note 2) P69-P67, P4., P47 


2 
> 
< 
fe) 
fe) 





Vin 


lon 


Oo 
N 
< 

i) 
i@) 
as 


3 
> 


lout 


oO oO 
N oO Pls 
S| €  jolals 
fe) 0 


3 
> 


=. 
> 


lous “L” average output current (Note 3) P2,-P2, 





wlo 
3 
> 





low “L” average output current (Note 2) P44, P45 A 
fopu Oscillating frequency (for CRT operation) (Note 5) 
fort Oscillating frequency (for CRT display) 7. 





Hz 


Input frequency P32-P3,4, P3.6, P45 





ww 

o 

> 

oO1O 

-lale 

(ap) s 

Oo Db 
2\|z/S)S 15 

I a | cE 

N N |N 








Input frequency P4, 





fhs 


Note 1 : The total current that flows out of the IC should be 20mA (max ) 

> The total of lous, lore and lo, should be 30mA (max.) 

: The total of lo, of port P2,-P27 should be 20mA (max ) 

: Apply 0.022F or greater capacitance externally between the Voec—Vss power supply pins so as 
to reduce power source noise 
Also apply 0. 068F or greater capacitance externally between the Vec—CNV¢gsg pins 

5 : Use the crystal oscillator or ceramic resonator for CPU oscillation circuit 


& W PP 
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ELECTRIC CHARACTERISTICS (Voc™=5V+10%, Vss=0V, Tag=—10 to 70°C, f(Xin)=4MHz unless other wise noted) 


Voec=5. 5V, f(Xin) =4MHz 
CRT OFF 

loc Supply current Voc=5. 5V, f(Xin) =4MHz 
CRT ON 




















Q At stop mode 

P39, P3;, R, G, B, |, OUT lon=—0. 5mA 

“L” output voltage PO -PQ7, P19-P17, P29-P23, 
P39-P36, P49-P 4s, 


R, G, B, |, OUT, D-A 
“L” output voltage P6 -P67, P45, P47 





















“L” output voltage P2,4-P27 Voec=4.5V 
loL=10mA 

“L” output voitage P4,, P4s Voc=4.5V 
lop =3mA 






Hysteresis RESET Voc=5. 0V * 0.5 0.7 


Hysteresis (Note 1) Hsync, Vsync, P32-P34, 
P36, P41, Pda, P44-P4g 


“H” input leak current RESET, P09-P07, P19-P17, 
P29-P27, P3o-P3¢, P4o-P45 7 
“H” input leak current Voc=5. 5V ne 
ji “L” input leak current RESET, PQ 9-P07, 
loz. P1o-P17, P29-P27, P39-P36, 5 LA 
P49-P47, P6o-P67 


Note 1. P32-P3,, P3. have the hysteresis when these pins are used as interrupt input pins or timer input pins 
P4,, P42, P4,-P4, have the hysteresis when these pins are used as serial I/O ports. 






Vr+—Vy— 
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DISCRIPTION 
The M37103M4-XXXSP is a single-chip microcomputer de- CONFIGURATION (TOP VIEW) 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- P6,/PWM5 + 
computer is useful for the high-tech channel-selection sys- P6./PWM4 <* 
tem for TVs. Rese 
In addition to its simple instruction set, the ROM, RAM, and Bee Mes* 
\/O addresses are placed on the same memory map to en- eibea 
’ P6)/PWMO/T <> 
able easy programming. P2, +» 
P2, + 
FEATURES P2, + 
@ Number of basic instructions Cesc e re ee ee ee re ee a ee 69 
1/0 port P2 
@ Memory size ** POs | 119 port PO 
=Y@) \, Me eee 8192 bytes z= +> PO, 
Pe Re ee ee ee eee 192 bytes S + PO; 
® Instruction execution time ee = ree 
veeteeees 2us (minimum instructions at 4MHz frequency) iio ale = peas 
P36/CLK +> + +> Py 
@ Single power supply -:::ccrereeteteerr 5V+10% P3./Sour + x sSipi 
@ Power dissipation P34/Sin x +> Pt, 
normal operation mode (at 4MHz frequency) P33/A-D + ot +> P13 
PERERA ae aguaas poet eueuEnbeeeenes 35mW (Voc=5V, Typ.) PI, MO peers) 
@ Subroutine nesting sce 96levels (Max. ) eres 
e Interrupt i Wiecieanieihdeeratinacienseaiwsca esas else 8types, 5vectors +> Pi, 
@ B-bit timer ceccccceceeteec cere eee eee tect este etceteeeensenseneneceeeuses 4 V/O port PS3/INT; + P11; 
@ Programmable I/O ports . al Wee paitin 
(Ports PO, P1, P2, P3, P4, P5, P6)- cere 46 sosieeesen aie ae 
Serial 1/O (8-bit) Sidi Seine te atin aes BH eso gied Mase SeG Uwe a ne aloee a eRe sie { Gioakeinpit wes ++ P5_/PWM9 
@ PWM Function vcr ce reece eee teen eee es 14-bitX 1 Clock output = =Xoy7 + [25 +> P57/PWM10 
eee Se re ERT eT MM per e Eee errno 8-bit* 4 pts aal Xoin > [35] - OSC2 ropa oe 
SiGe A Ghietcerdacarintenss aaeere bas loouaa es ees 6-bitX6 Clock output for X.oy7 + + OSCi1 Oscillator input 
@ Comparator ---cecrretrceee eres ceeeseeseceeeeeeteneeeneeernansecsune es 1 pee Vv —>¢ aie Saal 
@ Generating function for clock input of EAROM 
@ Two clock generating circuits Outline 64P4B 





(one is for main clock, the other is for clock function) 
@® 63-Character on screen display function 


Number of character-::::::**-**-"- 21 characters X3 lines 
Kinds of character aise avbrb,'eca eve, O08. we ee wie oie: a%ee Silene ese B/ereN ene eee eleva exete aeie 96 
APPLICATION 


TV 





¢ MITSUBISHI 2—101 
ELECTRIC 


cOL—?¢ 


DHLOA Ta 
IHSIGNSLIIN r\ 


M37103M4-XXXSP BLOCK DIAGRAM 


Clock tnput 
for clock function 


Clock output 
for clock function 
Timing output Reset input 


Clock Clock 
input output 








Xin Xout XcinXcour > RESET Vec Vss CNVss 
— rfl. ve. mie een Se ee 
Data bus 





Clock generating 
circuit 





RAM 
192bytes 


Address bus 







8-bit 
Arithmetic 
and 
logical 
unit 







Accumulator 
A (8) 


tatus 
tT 
P0(8) ri 1 
SOHGIOIIG ini ini 


I/O port 170 port PO I/O port “0 potPl 1/O port VO port P2 


a ee eee Ce ee eee ee eee 
' 
\ 





Program. 
counter 
PC.4(8) 


SS —_ 


S1/0(8) = 





Program 


PC, (8) 


ails 


counter | 




















fimer count source selection circuit 





oor 2 


i a ee, 

) ea 1) or 

INT, 
a 


CDLOLIDLNG - — - —G)— -— - 


1/0 port P4 





Vsync Hsync 


osc20sc1\ \o OUTRGB |! 


CRT 
circuit 









Instruction 
bere 


nl 


het eq] Timer 3 Instruction 
T3 (8) decoder 


Control signal 


PWM 
circuit 
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FUNCTIONS OF M37103M4-XXXSP 


Instruction execution time 28 (minimum instructions, at 4MHz frequency 













8192bytes 


Memory size 


a 
> 
| 


/ 
/O 


P1, P2 


/ 
/ 


0 
p< 


7 
|, B, R, G, OUT 


Input/Output ports 
Vsync, Hsyne 


i 1 ) 
(middle- - 
1-bitX2 (for CRT display) 
/ 2-bitX1 (can be used as an input for either INT2 or INT;) 
/O 5-bitX1 (middie-voltage N-channel open drain) 
/ 
‘ : ; ) 


O 
oO 
O 
oO 


P51, P54-P57 









Two external interrupts, three internal timer interrupts 
Interrupt : 
(or timerX2, serial 1/OX1, CRTX1) 
Clock generating circuit Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 
Supply voltage 5V+10% 
CRT display function ON | 35mW (clock frequency Xijy=4MHz, fort=6MHz) 
at high-speed operation 
CRT display function OFF | 20mW (clock frequency X;y=4MHz) 
at low-speed operation CRT display function OFF | 0. 3mW (clock frequency Xciw=32kHz) 
ico=T1sA (when clock 1s stopped) 


12V (PO, P5;, P54-P57, P62-P6s5 : input/output, RESET, CNVsg : input) 
Input/Output voltage 


—0.3 to Vec+0. 3V (P1, P2, P3, P47, P5», P53, P6o, P6;) 
Output current 


Power dissipation 
















0.5mA (PO, P1, P2, P3, P5, P6o-P65 : N-channel open drain input/output) 
0.5mA, —0. 5mA (P47 : CMOS input/output, 
R, G, B, |, OUT, P69-P6, ‘ CMOS output) 


Operating temperature range —10 to 70°C 
CMOS silicon gate process 
64-pin shrink plastic molded DIP 
: Number of character 21 characters X3 lines 
CRT display function 
Kinds of character 96 (12X16 dots) 


Input/Output characteristics 
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PIN DESCRIPTION 







































































Input/ 
Name ‘ Functions 
Output 
Voce; Supply voltage Power supply inputs 5V+10% to Voc, and OV to Vss 
Vss 
CNVss This is connect to Vss 

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time ‘ 

Xin Clock input Input These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator 1s connected between the Xjy and Xoyr pins and external | 
condensers are connected If an external clock is used, the clock source should be connected the Xj pin | 

Xout Clock output Output 
and the Xour pin should be left open 

Timing output Output This 1s the timing output pin In single-chip mode, the output can be controlled by selecting the option 
Xcin Clock input for clock Input This 1s the I/O pins of the clock generating circuit for the clock function To control generating frequency, 
function an external ceramic or a quartz crystal oscillator is connected between the Xcjn and Xcour pins and exter- 
nal condensers are connected If an external clock Is used, the clock source should be connected to the 

Xcout Clock output for Output Xcin pin and the Xcour pin should be left open This clock can be used as a program controlled the system 

clock function clock 

PO ,-PO7 1/O port PO 1/0 Port PO is an 8-bit i/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port ts set to input mode The output structure ts middle-voltage N-channel | 
open drain 

P1 9-P17 I/O port P1 1/O Port P1 Is an 8-bit I/O port and has basically the same functions as port PO It can be built in pull-up transis- 
tor at each pin by selecting the option 

P2)9-P27 I/O port P2 1/0 Port P2 is an 8-bit |/O port and has basically the same functions as port P1 

—_|—- 

P39-P37 I/O port P3 1/0 Port P3 is an 8-bit I/O port and ‘has basically the same functions as port PO, but the output structure ts N- 
channel open drain When serial |/O is used, P37, P3., P35, and P3, work as Sepy, CLK, Sour, and Syy pins, 
respectively P33 works as an analog tnput for comparator and P32 works as a counter input 

P4, 1/0 port P47 | 1/0 Port P47 is a 1-bit I/O port and has basically the same functions as port PO, but the output structure Is 
CMOS output 

1, B, G, R,| CRT output bac | This ts a 5-bit output pin for CRT display 

OUT The output polarity can be changed by selecting the option At reset, inactive polarity is selected 
The output structure 1s CMOS output 

Hsync Hsync input Input This is the horizontal synchronizing signal input for CRT display The input polarity can be changed by 
selecting the option 

Vsync Vsync input Input This ts the veritical synchronizing signal input for CRT display The input polarity can be changed by select- 
ing the option 

I/O port P5 1/0 These ports have basically the same’ function as ports P3, and are in common with interrupt input pins 







I/O port P6 





These ports have basically the same function as port PO, and can be programmed to function as PWM out- 
put pins 





Port P6 is a 6-bit I/O port and has basically the same functions as port PO The output structure of P69, P6; 
is CMOS output and the output structure of P62-P65 1s middie-voltage N-channel open drain This port can 
be programmed to function as PWM output pins Also P69 Is in common with timer output pin (T) 














>— 


Clock output for CRT display 


Clock input for CRT display 










Input 
Output 





This ts the 1/O pins of the clock generating circuit for the CRT display function 
To control generating frequency, external condensers and resistors are connected 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37103 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

« RAM 

RAM is used for data storage as well as a stack area. 


RAM(192 bytes) 


D 
¥ 


«ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

* Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


RAM for display 
(213 bytes) 


ROM(8K bytes) 


SFR area 


Special page for 
subroutine call 


Interrupt vector area 


Fig. 1 Memory map 
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Horizontal position register 


Vertical position register of block 2 
Vertical position register of block 3 


Port PO 
Port PO directional register 


Port P1 


Port P1 directional register 
Port P2 
Port P2 directional register 


A-D control register 


Port P3 : 
Port P3 directional register 


Port P4 
Port P4 directional register 


Port P5 
Port P5 directional register 








ae SR 


Port P6 
Port P6 directional register 
PWM4 register 


Sertal I/O register 

PWM65 register 

PWM output control register 
Timer 1 

Interrupt control register 2 


ot control register 1 
Timer control register 


PWM60O register 


PWM6 register 
PWM register 


PWM6 register 


PWM output control register 


Timer 4 control register 
Timer 4 
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INTERRUPTS 

Interrupts can be caused by 8 different events consisting of 
two external, five internal, and one software event. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 

Falling edge active or rising edge active can be selected 
for each of the INT, and INT» external interrupts selected 
by bits 4 and 5 of the PWM control register. Whether the 
INT, external interrupt or the CRT display is to be accepted 
can be selected by bit 0 of interrupt control register 2. 


Table 1. 


Interrupt vector address and priority. 


Vector addresses 


FFFFi¢, FFFE16 
FFFDi6, FFFCi6 






Event 


RESET 
INT, or CRT display interrupt 
Timer 3 interrupt 
Timer 2 interrupt 
Timer 1 or serial |/O interrupt 
INTs interrupt 
(BRK instruction interrupt) 


ae a 














FFFBie, FFFAi6 


FFF9,6, FFF816 


FFF7,6, FFF61¢ 


FFF515, FFF 4416 


Whether the timer 1 or serial I/O interrupt is to be 
accepted can be selected by bit 2 of the serial |/O mode 
register. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits and the interrupt enable bits are in inter- 
rupt control register 1 and timer control register. Figure 3 
shows the structure of the interrupt control registers 1 and 2 
and timer control register. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O”. The 
interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 4 shows interrupts control 


Non-maskable 
INT, external interrupt (phase programmable) 


INT. external interrupt (phase programmable) 
BRK instruction interrupt (non-maskable software interrupt) 
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7 0 
PPT | TEL Interrupt control register 1 Interrupt control register 2 


(address 00FE,¢) (address O00FB;.) 


INT» interrupt enable bit INT, or CRT display interrupt selection bit 
0 : Interrupt disable : 0 : INT, interrupt 
1: Interrupt enabled 1 : CRT display interrupt 
INT» interrupt request bit 
0 : Interrupt disable 
1 : Interrupt requested 
Timer 1 or serial 1/O interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enabled Timer control register 
Timer 1 or serial |/O interrupt request bit (address 00FF,¢) 
0 : Interrupt disable 
1: Interrupt requested Timer 3 interrupt enable bit 
Timer 2 interrupt enable bit 0 : Interrupt disable 
0 : interrupt disable 1 : Interrupt enabled 
1 *° Interrupt enabled Timer 3 interrupt request bit 
- Timer 2 interrupt request bit 0 : Interrupt disable 
0 : Interrupt disable 1 : Interrupt requested 
1 : Interrupt requested 
eee eee INT, or CRT display interrupt enable bit 
0 : Interrupt disable 
1 ° Interrupt enabled 
a eee INT, or CRT display interrupt request bit 
0 : Interrupt disable 
1 : Interrupt requested 





Fig. 3 Structure of registers related to interrupt 


Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag | 


BRK instruction Interrupt request 
reset 





Fig. 4 Interrupt control 
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TIMER 

The M37103M4-XXXSP has four timers; timer 1, timer 2 tim- 
er 3, timer 4. 

A block diagram of timer 1 through 3 is shown in Figure 5 
and a block diagram of timer 4 is shown in Figure 6. The 
count source for timer 1 through 3 can be selected by using 
bit 2, 3, 4 of the timer control register (address OOFF,.,), as 
shown in Figure 7. Timer 1 through 3 are down count timers 
and have 8-bit latches. When a timer reaches “OQ” and the 
next count pulse is input to a timer, the contents of the re- 
load latch are loaded into the timer. The division ratio of the 
timer is 1/(n+1), where n is the contents of timer latch. 
Timer 1 through 3 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt control 
register 1 or timer control register (located at addresses 
OOFE,, and OOFF;, respectively) is set at the next count 
pulse after the timer reaches “0” (see interrupt section). 
The starting and stopping of timer 2 is controlled by bit 5 of 
the timer control register 2. If the bit 5 is “0”, the timer 
starts counting, and the bit 5 is “1”, the timer stops. 

The count source of timer 4 can be selected by bit 0 and 
bit 1 of timer 4 control register (address 0208,,). When bit 
O and bit 1 are set to (00) or [11], timer 4 stop counting. 
The structure of timer 4 control register is shown in Figure 
8. 

Timer 4 has auto-reload register. The auto-reload register 
can be written by writing a data to timer 4 register. A data 
written to the auto-reload register is set to counter by set- 
ting bit 4 of timer 4 control register. And by reading a data 
from timer 4 register, the value of counter can be read. 
When timer 4 is overflow, timer 4 overflow flag is set and 
the content of auto-reload register are loaded into the 
counter. 

At a reset or stop mode, FFig is automatically set in timer 2 
and 07,. in timer 3. 

After a STP instruction is executed, timer 3, timer 2, and the 
clock (¢ divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if timer 3 interrupt request bit is set 
to “1”, or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 2 
count stop bit) must be set to “0”. For more details on the 
STP instruction, refer to the oscillation circuit section. 
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Data bus 


O Timer 2 latch Reset 
(8) 


8 
C) ) YT 4 timer 2 (8) Timer 2 interrupt 


request bit 
T 
Xin M3 TMs 


Xcin 1/2 STP instruction 





Internal 
clock ¢ 


Timer 3 latch 
(8) 
8 








Timer 3 interrupt 


wy Timer 3 (8) request bit 


TM, 





Timer 1 or serial I/O 
interrupt request bit 





P6 latch 


P6o/T SM, 


CLK 
OC 


P35 
7 \ Synchronous 


clack 
he Serial 1/O 


counter (3) 





: Timer control register 


MSB] Serial 1/0 - Serial 1/O mode register 
register_ (8) : PWM output mode register 


Select gate : 


at reset, shaded side ts connected 


Fig.5 Block diagram of timer 1 through 3 





Data bus 


Timer 4 control register Pt tt tt tt PT TTT TEL Timer 4 register 


Overflow flag 
mn me (8) 


es Timer 4 
C) 


Timer 4 register PT YT ty td gd 


Fig.6 Block diagram of timer 4 
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7 0 
Re TESRE Timer contro! register 
(Address OOFF,.) 


Processor mode bits 
00 : Single-chip mode 
01 : Microprocessor mode 
10 : Not used 


11 : Eva-chip mode 


Timer 1 count source selection bit 
0 : ¢ divided by 4 
1 : Timer 3 overflow 


Timer 2 count source selection bit 
0 : ¢ divided by 4 
1: Clock for the clock function (Xow) 


Timer 3 count source selection bit 
0 : Timer 2 overflow 
1! P38, port input (Note) 


Timer 2 count stop bit 
0 : Count start 
1 : Count stop . 


Timer 3 interrupt enable bit 
0 : Interrupt disable 
| * Interrupt enabled 


Timer 3 interrupt request bit 
0 : Interrupt disable 
1 : Interrupt requested 


Note : When the P3. port input is selected as the timer 3 count source, the counter is decreased at the rising edge of input signal 





Fig. 7 Structure of timer control register 


Timer 4 control register 
(Address 0208,¢) 


Timer 4 count source switch bit (Note) 
00 : Timer 4 count stop 
01 : P4, port input 
10 : Clock for the clock function (Xen) 
11 : Timer 4 count stop 
) 
Input port data of Xow (read only) 


Timer 4 overflow flag (read only) 


Timer 4 data load bit (Set to “O” when timer 4 counts) 





Note: Timer 4 is decreased at the rising edge of count source. 


Fig. 8 Structure of timer 4 control register 
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SERIAL I/O 

The block diagram of serial 1/O is shown in Figure 9. In the 
serial I/O mode the receive ready signal (Sapy), synchro- 
nous input/output clock (CLK), and the serial I/O (Sour, 
Sin), pins are used as P37, P3¢, P3s, and P3,, respectively. 
The serial I/O mode register (address OOF6,,) is an 8-bit 
register. Bit 0 and 1 of this register is used to select a syn- 


Xin 


1/4 Divider 


a ° 

= 
1/2 

OT 


P3, & Srpy 


% divided by 4 


Timer 3 


Prescaler 


/2 
* Serial |1/O counter _ 


chronous clock source. When these bits are: (00) or (01), 
an external clock form P3. is selected. When these bits are 
(10) , the overflow signal divided by two from timer 1 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
(11), the internal clock ¢ divided by 4 becomes the clock. 


from internal clock ¢ 
divided by 4 or 


(Address 00FAi¢) 

to timer 1 or 
serial I/O 
interrupt 
request bit 


Transfer clock 


= MSB Serial |/O 


register (8) LSB 


Data bus 


Internal system clock generation selection 
0 : Xin-Xour selection (normal mode) 
1 ° Xcw-Xcour selection (low-speed mode) 


Clock (Xin-Xour) stop bit 
0 : Oscillate 
1 : Stop 


P6)/T output function selection bit 
0 : Sync mode (EAROM clock input signal generation) 
1 : Asynchronous mode 


Output of clock port selection bit (P65) 
0 : P6 (Normal I/O port) 
St 


Fig.9 Block diagram of serial I/O 





Serial 1/O mode register 
(Address 00F6,¢) 


Synchronous clock selection bits 
00: 
01: 
10 : Timer 1 overflow signal divided by 2 
11: Timing ¢ divided by 4 


| External clock 


7 


Serial I/O port selection bit (P34, P3.) 
0 : Normal |/O port 
1 : Serial 1/O port 


Srpy signal output selection bit (P37) 
0 : Normal I/O port 
1 ° Srpy signal output pin 
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Bits 2 and 3 decide whether parts of P3 wiil be used as a 
serial I/O or not. When bit 2 is “1”, P3g becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3g. If the exter- 
nal synchronous clock is selected, the clock is input to P3g. 
And P38, will be a serial output, and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3,, to “0”. For more information 
on the directional register, refer to the I/O pin section. 

To use the serial !/O, bit 2 needs to be set to “1”, if it is “O” 
P3, will function as a normal |/O. Interrupts will be gener- 
ated from the serial |/O counter instead of timer 1. Bit 3 
determines if P3, is used as an output pin for the receive 
data ready signal (bit 3=“1”, Seay) or used as a normal I/O 
pin (bit 3=“0"). 

The function of serial 1/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock- The Srey signal becomes “H” during trans- 
mission or while dummy data is stored in the serial |/O reg- 
ister. After the faling edge of write signal, the Sapy signal 


becomes low signaling that the M37103M4-XXXSP is ready 
to receive the externa! serial data. The Srpy signal goes 
“H” at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the fransfer clock, serial 
data is output to P3,;. During the rising edge of this clock, 
data can be input from P3, and the data in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
1/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set. 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 10, and connection 
between two M37103M4-XXXSP’s are shown in Figure 11. 


Transfer clock 


Serial 1/O register write 
signal 


1 

| 

Serial 1/O output | 
Sour . 


Serial 1/O Input 
Sin 

] 
Receivable signal | 


Po KO: KML K Pe X_O% KOs X_M | 
(XX XX XX 


i 
| 


D7 


Sapy | 


Fig. 10 Serial I/O timing 


Transmission side 


Serial |/O mode register 


bit 3 bit 0 


CE ENES 


Set the directional 
register for P3, pin 
in input mode 





Interrupt request bit set 


Reception side 
Serial |/O mode register 
bit 3 bit 0 


CREE 


Set the directional 
register for P3, pin 
In input mode 


Synchronous clock 


Serial data 


Fig. 11 Example fo serial 1/O connection 
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PWM OUTPUT CIRCUIT 

(1) Introduction 
The M37103M4-XXXSP is equipped with one 14-bit 
PWM, four 8-bit PWMs and six 6-bit PWMs. The 14-bit 
resolution gives PWM1 the minimum resolution bit width 
of 500ns (for Xiy=4MHz) and a repeat period of 8192 
us. PWM7, PWM8, PWM9, PWM10 have a 8-bit resolu- 
tion with minimum resolution bit width of 164s and re- 
peat period of 4096us. PWMO, PWM2, PWM3, PWM4, 
PWM5, PWM6 have a 6-bit resolution with minimum re- 
solution bit width of 164s and repeat period of 1024yus. 
Accuracy and operation range is certified of PWM are 
Vcc=4.5 to 5.5V regardless of input frequency. 
Block diagram of the PWM is shown in Figures 12 and 
13. 
The PWM timing generator section applies individual 
control signals to PWM 0-10, using clock input X,, di- 
vided by 2 or Xcin divided by 2 as a reference signal. 

(2) Data setting 
The output pins PWM0O-PWM5 are in common with pins 
P69-P6; of port P6 and PWM6-PWM10 are in common 
with pins P5,-P57 of port P5 (i.e. for PWM output, PWM 
output selection bits and the.P5, P6 directional register 
D5,-D57, D69-D6; should be set). When PWM1 is used 
for output, first set the higher 8-bit of the PWM1-H reg- 
ister (address OOF0,,), then the lower 6-bit of the 
PWM1-L register (address OOF1;,) . When either 
PWMO and PWM2-10 is used for output, set the 8-bit in 
the PWMO and PWM2-10 register, respectively. Note 
that the higher 2 bits of these 8-bit registers are 
ignored when used 6-bit register. 

(3) Transferring data from registers to latches 
The data written to the 6-bit or 8-bit PWM register is 
transferred to the PWM latch in each 6-bit PWM cycle 
period. For 14-bit PWM, the data is transferred in the 
next upper 8-bit period after the write. The signals out- 
put to the PWM pins correspond to the contents of 
these latches. When data at addresses OOF0;,¢ to 
00F4,.¢, O0F8,,¢, 0200;, to 0205,, is read, data in these 
latches has already been read allowing the data output 
by the PWM to be confirmed. When the 6-bit latch is 
being read, the upper 2 bits of the register becomes 
undefined, However, bit 7 of the PWM1-L register indi- 
cated the completion of the data transfer from the 
PWM1 register to the PWM1 latch. if bit 7 is “0”, the 
transfer has been completed, if bit 7 is “1”, the transfer 
has not yet begun. 

(4) Operation of the 6-bit PWMs . 
The timing diagram of the two:6-bit PWMs (PWMO and 
PWM2-6) is shown in Figure 14. One period (T) is 
composed of 64 (2°) segments. 


There are six different pulse types configured from bits 
0 to 5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 14 (a), 
Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from. 5 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 14 (b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output. 
i.e. 64/64. 

(5) 8-bit PWM operation 
8-bit PWM operation is the same as 6-bit PWM opera- 
tion except that one period (T) is composed of 256 
(2°) segments. 

(6) 14-bit PWM operation 
The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 15. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times 7t is output 
every short area of t=256 7 =128us as determined by 
data N of the higher 8 bits. (Refer to PWM output @ in 
the lower part of Figure 15.) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus t. As a result, 
the short-area period t (=128us, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(7) Output after reset 
At reset the output of port P5, P6 is in the high impe- 
dance state and the contents of the PWM register and 
latch are undefined. Note that after setting the PWM 
register, its data is transferred to the latch. 


Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 


6 lower-order bits of data} Area longer by 7 than that of other tm(m = 0 to 63) 
0000 0} Nothing 
000001 


000010 
000100 
001000 
010000 


























m=16, 48 

m= 8, 24, 40, 56 

m= 4, 12, 20, 28, 36, 44, 52, 60 

m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
57, 59, 61, 63 
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PWM1-L register 
(address OOF 1,6) 






>> Selection gate : connected to black 
colored side when 


&- Pass gate reset 


PWM1-H register 
(address OOF0,¢) 






1 


“+O P6,/PWM1 


1 





Timing generator 


— it 
> 


Xin & 1/2 













(AMHz) 6 for PWM 
(2MHz) pro (1024 ws period) P62 D6: 
1/32 O Y 
. P6./PWM2 
i ae  eN&—$— +p 
6-bit PWM circuit 6-bit PWM circuit 
P63, D6; 
6 O oO 
PWMs3 latch 
TTT} | pe 0 reveane 
ar es eee i: 
LSB vo PM3 1 | 
) 
bit 0 
fe Pea feefecpe sl P6, D6, 
register PWM3 register Ome 
(address 00F 2,6) (address 00F3,,) 
a ae © P6./PwM4 
ey, OT > 
L BO PM, 1 al 
6-bit PWM circuit 
P6, D6; 
6 O O 
ee ren anes hin 
6-bit 6-bit 
TTT {TT} \ fen Lee ieee 
yy, ay, D 
LSB [po PNs > 
) 
bit O 





PWM4 register 


PWM5 register 
(address 00F4,,) 


(address 00F8;,) PM : PWM control register 


PN : PWM output control register 
D6 : Port P6 directional register 
P6 : Port P6 register 





Data bus 


Fig. 12 Block diagram of the PWM cirucit (1) 
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> 6-bit PWM circuit 


PWM latch 
(6-bit) 









MSB 


PWMO0O register 
(address 0200.) 


(1024 period) 


4096 period) 


PWNMN7 latch 
(8-bit) 





PWM register 
(address 0202,,) 





8-bit PWM circuit : 





PWMg latch 
(8-bit) 





a ee 


PWM10 register 
(address 02054.) 







PWM9 register 
(address 020416) 


Data bus \ 
a Selection gate : connected to black colored 


side when reset 
6 Pass gate 


Fig. 13 Block diagram of the PWM circuit (2) 


) 
Ft tt df } > : P5,/PWM6 
(address 020146) - 


1/32 Timing generator for PWM 


( 
ceemminunyte 
8-bit PWM circuit 8-bit PWM circuit 
P5s D55 


| OS 
bit 7 
Pi tT] | | — 
C) 


P6 T _ D6 
i 
6-bit PWM circuit SM, tO 
i P6o/PWMO 
PWM6 latch PQ 
(6-bit) 
P5,  ~—DS, 


LSB 


bit O 


PWM6 register 


. 


P54 D5, 


PQ2 


PWM68 latch 
(8-bit) 


) > 4 P5,/PWM8 


PQ; 
bit 0 


PWM8 register 
(address 02034.) 


‘) > P5./PWM9 
= 1 


PQ, 
8-bit i 
bit PWM circuit P5, D5, 


© O 
PWM10 latch 
(8-bit) @ 
> P57/PWM10 
LSB age cl 
PQs 
bit 0 


PWM control register 

PN : PWM output control register 
D6 : Port P6 directional register 
D5 : Port P5 directional register 
P6 : Port P6 register 

P5 : Port P5 register 

PQ : PWM output mode register 3 
SM : Serial |/O mode register 
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Pulses showing the weight of each bit 
Contents 
of the latch 


When 0016 
When 01 16 


When 18:6 
(24) 


When 28,6 
(40) 


When 3Bisg 
(59) 


When 3Fi¢ 
(63) 


T = 64t 


When output is lower 6 bits of PWM1 = t=128us) T= 8192us 
When output is PWMO, PWM2-6 t= l6us T= 1024us 
When f( Xj) =4MHz 


(b) Example of 6-bit PWM output 





Fig. 14 6-bit PWM timing diagram 
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Data in address O0F0i.¢ is #6Ai6 Data in address O0F0;,¢ is #7Bie 


register 5916 GAie 7Bi6 
Data in address OOF} ig is #2416 Bit 7 reset after transfer Data is address 00F 116 is #3546 
PWMI1-L 
register "36 LN ae 
Mj Register to latch transfer B56 — to latch transfer 
PWM1 latch 
(14-bit) = 1AA4 46 TAA4i 6 1AA4 6 1EF5i¢ 


A__ when bit 7 of PWMI-L is “0” register 





= 8192us to latch transfer will not occur 
SCI 
ie _ 12848 ~ a ee 
rn ° ee 
(Example!) 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A {6B 6A 
PWM1 output 
® 
lower 6 bits ' 
output [ 5 5 | tio 5 5h 45 15 | 5 5 5 5 
(When H: 6Ai6,. 
L: 2416) 6Byg-----(32+4) times 6Ayg----28. =————> 106 X64+36 
(107) (106) times 
(Example 2) 


6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B {6A 6A 
PWM 1 output | 


lower 6 bits 
output 





4 | 3 4 4 3 4 


(When H: 6Arg, 6Big----- (16-+8) times GAyg------ 40 times | |--_s» 106 X64-+24 


L 1846) 


= 128s 


(256X0. 5us) 


~ | PWMI output : Ba erar nates 102 | 01 6A | 69 | 68! 67! ------ ' 02! 01 
@ ADD 


8-bit counter 


~ 









High/low-level of the ADD 
section is determined by 
the data contained in 

the lower 6 bit. 


High-level area output, the length 
of which is specified PWM-H 


256 t (128s) standard 


Fig. 15 14-bit PWM timing diagram 
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7 0 
PEELE LLL PWM control register 


(Address 00F5,¢) 
PWM1, PWM2, PWM3 count source 
selection bit 

0 : Supply 

1 : Stop 


P6,/PWM1 output selection bit 
0 : Parallel port 
1 > PWM1 output 


P62./PWM2 output selection bit 
0 : Parallel port 
1 : PWM2 output 


P63/PWM3 output selection bit 
0 : Parallel port 
1 >: PWMS output 


INT, input reverse bit 
0 : INT (leading-edge interrupt request) 
1: INT (trailing-edge interrupt request) 


ae eee INT. input reverse bit 


0 : INT (leading-edge interrupt request) 
1 : INT (trailing-edge interrupt request) 








P6,/T, output selection decision bit 
(reading only) 

0 : Parallel port 

] : Output is 1/2 that of timer 1 


P6,/PWM4 output selection bit 
0 : Parallel! port 
1 : PWM4 output 





Fig. 16 Structure of registers related to PWM 
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PWM output control register 

(Address 00F9,,) 

PWM1 output polarity selection bit 

PWM2 output polarity selection bit 

PWM output polarity selection bit 

PWM4 output polarity selection bit 
oe 


with ON-SCREEN DISPLAY CONTROLLER 


PWM output mode register 
(Address 0209,.) 
This bit must be set to “1” 
P5,/PWM6 output selection bit 
0 : Parallel port 
1 : PWM6 output 


P5,/PWM7 output selection bit 
0 : Parallel port 
1 : PWM7 output 


P5;/PWM8 output selection bit 
0 : Parallel port 
1 : PWM8 output 


P5./PWM¢9 output selection bit 
0 : Parallel port 
1 : PWM$9 output 


P57/PWM10 output selection bit 
0 *: Parallel port 
1 : PWM10 output 


P6,)/PWMO0/T output selection bit 
0 : Parallel port or timer 2 divided by 2 
1 : PWMO output 


PWM5 output polarity selection bit 
0 : Positive 
- Negative 
P65 /PWM5 output selection bit 
0 : Parallel port 
1 : PWM5 output 





2-119 


MITSUBISHI MICROCOMPUTERS 


M37103M4-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 





PORT P6,/ TIMER 1 OUTPUT 

Bit O of port P6 outputs 1/2 the frequency of timer 1 when 
bit 6 of the PWM output mode register is set to “O” and bit 
4 (SM,) of the serial 1/O mode register (address 00F6,,) is 
set to “1”. The output switching can be accomplished with 
either of two procedures, synchronous mode or asynchro- 
nous mode, depending on the setting of bit 5 (SMs) of the 
serial |1/O mode register. 

When SMsz is set to “0” the synchronous mode is set. In 
such a case, after SM, has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 


the value of bit 6 of the PWM control register. 

From the time that the contents of SM, was changed to the 
point where switching completes, the contents of neither 
SM, nor P69 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 17 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 

When SMsz is set to “1”, the asynchronous mode is set. In 
this case, the output switching occurs directly after SM, has 
béen changed. Figure 17 (b) gives an example of timing in 
the asynchronous mode. 


| | 
ee tst~=<its~si‘“‘sé~‘~™*C 
1/2 of T1 | 


| (Note 1) 


SS a ae ee ae | 


Latch output | Timer output 


| 
P6, latch | | 


P6,/T output | 


(a) Synchronous mode (SMs=0) 


SM, | 


1/2 of T] 3 bee | eee 


PM. | 


Latch output | 


imer output 


SS a 


| 
P6, latch | | 
| 


\ 


| P6,/T output | | | 


(b) Asynchronous mode (SMs=1) 


Note 1 : 


Output switching occurs at the trailing edge of timer 1 divided signal when the value of the P6, latch 1s “0” 


and at the leading edge of timer 1 divided signal when the value of the P6, latch ts “1” 


Fig. 17 P6,/T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 18. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, A-D control register 
(address 00E7,,), and analog signal input pin (P33/A-D). 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. 

The 5-bit A-D control register can generate 1/16Vcc-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits O to 3 and the generated internal ana- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 

The data is compared by setting the directional register 
corresponding to port P33 to “0” (port P33 enters the input 
mode), to allow port P33/A-D to be used as the analog in- 
put pin. The digital value corresponding to the internal ana- 
log voltage to be compared is then written in the A-D con- 
trol register (address 00E7;,), bits 0 to 3. The voltage com- 
parision starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the A-D control register, bit 4 Bit 4 is “1” when 
analog input voltage > internal analog voltage and “0” 
when analog input voltage < internal analog voltage. 

When voltage is compared to by setting bits 0 to 3 of the 
comparator register “O”, bit 4 of the A-D control register be- 
comes “1” regardless of the analog input voltage. 





Table 3. Relationship between the contents of 
A-D control register and internal voltage 


A-D control register pees can Susae 
nterna og volta 
bit 3 bit 0 —s 


fens 
ie eae 

EO 

a 

foe 

ie a 

a 





2/1 6Vcc—1 /32Voc 


3/1 6Voc—] /32Vocc 
4/1 6Vcc—1 /32Voc 


5/1 6Vcc—1 /32Voc 
6/1 6Vcc—1 /32Voc 


7/16Vec—1/32Vcc 
8/16Vcc—1/32Vec 
10/16Veo—1/32Voc 
11/16Vec—1/32Vec 






ae ee oe 
seed 
| 
Se aa 
Eas 
| 1 | o | 
zz 
oe 
Eo 
ae ee 
ae 
Le 

1 

] 


ee ee eS 


—_ 
_f|— | S| OO} Oo 


4 


1 

1 
eee 

1 
aaa 

1 
a 
se 

1 








—_ 
—— 





Data bus 


(Address 00E8,.) 


Comparator control 
circuit 


P3, O 
Analog input — {Comparator 
voltage , 


Internal analog voltage 


Fig. 18 Comparator Circuit 
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Output of 

comparator 4 

result 
A-D control register 
(Address 00E7;.) 


Switch tree 


Ladder resistor 








2-121 


MITSUBISHI MICROCOMPUTERS 


M37103M4-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 


with ON-SCREEN DISPLAY CONTROLLER 





CRT DISPLAY FUNCTIONS 


(1) Outline of CRT Display functions 

Table 4 outlines the CRT display functions. The M37103M4- 
XXXSP incorporates a 21 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. Up to 96 kinds of characters can be dis- 
played, and colors can be specified for each character. 
Four colors can be displayed on one screen. A combination 
of up to 15 colors can be obtained by using each output 
signal (R, G, B, and 1). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 19) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 

Set the character to be displayed in display RAM. 

Set the display color by using the color register. 
Specify the color register in which the display color is 
set by using the display RAM. 

Specify the vertical position and character size by us- 
ing the vertical position register. 

Specify the horizontal position by using the horizontal 
position register. 

Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync signal. 


e © ©& O89 











Fig. 19 CRT display character configuration 





f 


The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 21 shows a block diagram of the CRT display control 
circuit. Figure 20 shows the structure of the CRT display 
control register. 


Table 4. Outline of CRT display functions 


[Kinds of character [9% 
5 15(max) 
a character 


Display expansion Possible (multiple lines) 















fe) 
°o 
=“ 





7 0 
Potable CRT control register 
(address 00EA;.) 
Display of all blocks control bit (Note 1) 
0 : Display of all blocks off 


1 : Display of all blocks on 


Display of block 1 control bit 
0 : Display of block 1 off 
1 : Display of block 1 on 


Display of block 2 control bit 
0 : Display of block 2 off 
1 : Display of block 2 on 


Display of block 3 control bit 
0 : Display of block 3 off 
1 : Display of block 3 on 


Block 1 color select mode switch bit 
0 : Normal mode 
1 : Half character width color select mode 


Multiple lines display interrupt enable bit 
(Note 2) 
0 : Interrupt is disabled 
1 : Interrupt request occurs 
at every line display 


Scanning line double count mode bit 
0 : Normal mode (256 lines) 
1 : Double count mode 


- Display of all blocks control bit indicates the logical 
sum (AND) of each block display control bit. 

- The multiple lines display interrupt request occurs 
only when CPU is operating at the internal clock fre- 
quency when f(Xij,)=4MHz 


Fig. 20 Structure of CRT control register 
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Fig. 21 


Data bus 


(Address 00D8,.) 


CRT control register 


(Addresses 00D1 46 to 00D3,.) 









Character 


size 


register 








RAM for display 
9-bit X21 X3 










(Addresses 00D4;, to 00D716) 


Color register 


R 


Block diagram of CRT display control circuit 


ise) 












Output circuit 


OSC1  Osc2 Hsyne 
S @ C) 


Vsync 


Clock generating 
circuit 


Display position control circuit 


ROM for display I 







Display 
control 


12-bit X16 X96 
circuit 
Shift register 
12-bit 
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(2) Display Position 

The display positions of characters are specified in units 
called a “block.” There are three blocks, block 1 to block 3. 
Up to 21 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc 
(Tc=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 64-step display positions for each block in units of four 
scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 24), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 24), the 
former block is overridden and the latter is displayed. 

The vertical position can be specified from 64-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00;,¢ to 3F;, to bits 0 to 5 in the vertical position 
register (addresses 00D11¢, to 00D3,,). Figure 22 shows 
the structure of the vertical position register. 


Vertical position register 
(Address 00D14¢ to 00D3;.) 


The vertical display start position 
64-step positions (0016 to 3Fi¢) 


Character size bits 
00 : Small size 
01° Medium size 
10 : Large size 
11 : Extra large size 





Fig. 22 Structure of vertical position registers 


The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display) by setting values 00; to 
3Fig to bits O to 5 in the horizontal position register 
(address 00D0,,). 

Figure 23 shows the structure of the horizontal position reg- 
ister. 


0 
Ee kee bped Horizontal position register 
| | | | | | (Address 00D0,6) 
The horizontal display start position 


64-step positions (0046 to 3F 46) 


—— Horizontal border function 
of OUT output selection bit 
0 : The same as R, G, B is output 
1 : Border is output 


Border output switch bit 
Q : Border including character 
1 : Border only 





Fig. 23. Structure of horizontal position register 
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(HR) | 


| 
Block 1 


Block 2 
| 
| 
CV3 +-——- 
Block 3 


(a) Example when each block is separated 





Block 3 


(b) Example when the display start position of a block overlaps with some other block 





Block 1 


Block 2 


CVg = 
| Block SB 3 
CV’; - 


Block 1’ 





(c) Example when one block ts displaying some other block is superimposed 


Fig. 24 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the bit 6 and 7 of vertic- 
al position register to set a character size. 

The character size can be selected from four sizes: smail 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 


Table 5. 


Width (horizontal) direction 


<— Display start position 


play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X [1 Tc]; the 
medium size consists of [two scanning lines) X (2 Tc); the 
large size consists of [three scanning lines) X (3 Tc); and 
the extra large size consists of [four scanning lines] X 
[4 Tc] . Table 5 shows the relationship between the set 
values in the character size register and the character 
sizes. 


The relationship between the set values of the character size bits and the character sizes. 


Height (vertical) direction 


oT; 
3 To 
4 To 4 


4 





Fig. 25 Display start position of each character size (horizontal direction) 
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(4) RAM for display 

RAM for display is allocated at addresses 20001, to 20D44¢, 
and is divided into a display character code specifying part 
and display color specifying part for each block Table 6 
shows the contents of the CRT display RAM. 

When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000,, and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080,,. The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
26. 


Table 6. The contents of the CRT display RAM 


Display position (from left) Character code specification Color specification 


1 st Column 200016 2080;6 


2nd Column 200146 208146 
3 rd Column 2002146 208216 


Block 1 


19th Column 201246 209216 

20th Column 201316 209346 

21th Column 201416 
| 201516 7 

Not used to 

201F 6 


3rd Column 20A246 
Block 2 : : 
19th Column 20B2i6 
20th Column 




















21th Column 20B416 








Not used 





1 st Column 


2nd Column .- 


3 rd Column 








Block 3 : 
19th Column 
20th Column 


21th Column 
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Block 1 
(Character specification) 


1st column : 20001. 7 0 
to 


21th column : 20144, 
Character code 


Specify 96 characters at 00,6 to 5Fi6 


(Color specification) 


1st column : 2080;. 3 0 7 
to 


21th column : 20944. 
Former half color register specification in the normal mode 


or in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 





Latter half color register specification 
in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


Block 2, 3 
(Character specification) 


1st column : 2020,, 7 0 


to 
21th column : 203416 Character code 


Specify 96 characters at 00,, to 5Fi¢ 


(Address 2040,, to 2054,, in the case of block 3) 


(Color specification) 


1st column : 20A0;¢ |_0 
: ce 
21th column : 20B4 
i I eae Color register specification 


00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


(Address 20C0,. to 20D4,, in the case of block 3) 


Fig. 26 Structure of the CRT display RAM 
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(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (CO0-CO3: 
addresses 00D4,, to 00D7,,) and then specifying that color 
register with the CRT display RAM. 

There are four color outputs: R, G, B, and |. By using a 
combination of these outputs, it is possible to set 2*-1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and | outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 


character output or blank output. Figure 27 shows the struc- 


ture of the color register. 


(6) Half Character Width Color Select Mode 
By setting “1” to bit 4 in the CRT control register (address 
00D8,,) it is possible to specify colors in units of a half 
character size (vertical 16 dots Xhorizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 

play characters in block 1 are specified as follows: 

@ The left half of the character is set to the color of the 
color register that is specified by bits 0 and 1 at the 
color register specifying addresses in the CRT display 
RAM (addresses 20806 to 20944). 

(2) The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the 
color register specifying address in the CRT display 
RAM (addresses 20804. to 2094,,). 


Color of the color register specified by 


bit O and bit 1 of address 2080,, 


(a) Display in the normal mode 


Color of the color register Color of the color register 


specified by bit 0 and bit 1 specified by bit 2 and bit 3 


of address 2080;, of address 2080i. 


(b) Display in the half character width color select mode 





Color of the color register 


specified by bit 0 and bit 1 





0 


Color register (Address 00D4,¢ to 00D7,¢) 


| pin output bit 
Q : No character ts output 
1 : Character is output 
B pin output bit 
0 : No character is output 
1: Character ts output 
G pin output bit 
Q : No character is output 
1 : Character is output 
R pin output bit 
0 : No character is output 
1: Character is output 
OUT pin output bit (Note) 
0 : No character or blank ts output 
| : Character or blank 1s output 


OUT pin output control bit (Note) 
Q : OUT pin outputs character 
1 : OUT pin outputs blank 
Note : When the character outlining function is used, the 


contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 


Fig. 27 Structure of color registers 


Color of the color register specified by 


bit O and bit 1 of address 2081;, 


Color of the color register 


specified by bit 2 and bit 3 Block 1 


of address 208146 


of address 20814. 


Fig. 28 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37103M4-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver- 
tical positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 

The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to “0” and set- 
ting the CRT interrupt enable bit=bit 6 at address OOFE;.) 
to “1”), then execute the following processing in the CRT 
interrupt handling routine. 


@ Read the value of the display block counter. 

@ The block for which display is terminated (i.e., the 
cause of CRT interrupt generation) can be determined 
by the value read in ©. 

@) Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 29 shows the structure of the display block 
counter. 


Display block counter 
(address 00D9i¢) 


indicates number of blocks 
that are being displayed or 
were displayed 





Fig. 29 Structure of display block counter 


Count value _ Interrupt position 


Block 1 
Block 2 


Block 3 
Block 1’ 





Fig. 30 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 64 steps from 00;¢ to 3Fi., or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 32 from 00;¢ to 1F1., or eight scanning lines 
per step. 


Vertical position A 


te! \ Scanning line 16 lines 


(a) Display in the normal mode 


Fig. 31 





If the contents of the vertical position register‘for a block 
are set in the address range of 20, to 3Fi¢ in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00D816) to “1”. 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 


Vertical position AX2 


Scanning line 32 lines 


(b) Display in the scanning line double count mode 


Display in the normal mode and in the scanning line double count mode 
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(9) Horizontal Character Border Function 

An border of a one clock (one dot) equivalent size can be 

added to a character to be displayed only horizontal direc- 

tion. 

The border is output from the OUT pin. In this case, bits 4 

and 5 in the color register (contents output from the OUT 

pin) are nullified, and the border is output from the OUT 

pin instead. 

Border can be specified in units of block by using the bits 
-6 and 7 of horizontal position register. Table 7 shows the 

relationship between the values set in the horizontal posi- 

tion register and the character border function. 


Table 7. The relationship between the value set in the horizontal position register and the character border function 


Horizontal position register 
Bite Functions Example of output 
R, G, B, | output 
OUT output a 
R, G, B, | output j | 
Border including character 
OUT output | | 
R, G, B, | output [ | 
Border not including character 
OUT output 







|| is display by character data 


[| is border 





Fig. 32 Example of border 
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(10) Programming notes 

1. Use STA instruciton for data transfer to the following 
registers related to OSD functions. 

@ Horizontal position register (address 00D0,¢) 

@ Vertical position registers (address 00D1,, to 00D3,,) 
@) Color registers (address 00D4,, to 00D7,,) 

@ CRT control register (address 00D8,,) 

2. Do not display the display OFF blocks having different 
character sizes on a block display. 

3. The highest vertical position (the vertical display start 
position bits are “00,,—”) can not be used. 

4. The interrupt to tell the end of block display is not 
caused and the display block counter is not in- 
cremented until the display of the block has been com- 
pleted terminated. 

5. The display block counter (00D9,,) is reset while 
Vsync is “H” (when the option is positive in polarity) to 
“00,,”. 

6. If, during the display of a block, the display position of 
another block comes, the display of the subsequent 
block (having a larger vertical position register value) 
is preferred. 

7. When two or more blocks are displayed in the same 
vertical position, the display priority is CV1, CV2, and 
CV3 in this order. This is not affected by turning on/off 
of block display. 
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RESET CIRCUIT 


The M37103 is reset according to the sequence shown in 
Figure 34. It starts the program from the address formed by 
using the content of address FFFF,, as the high order 
address and the content of the address FFFE,, as the low 
order address, when the RESET pin is held at “L” level for 
no less than 2us while the power voltage is 5V+10% and 
the crystal oscillator oscillation is stable and then returned 
to “H” level. The internal initializations following reset are 


shown in Figure 33. 


(1) Port PQ directional register 
(2) Port P1 directional register 
(3) Port P2 directional register 
(4) Port P3 directional register 
(5) Port P4 directional register 
(6) Port P5 directional register 
(7) Port P6 directional register 
(8) PWM control register 

9) Serial 1/O mode register 

10) PWM output control register 


11) Interrupt control register 2 





12) Timer 2 

(13) Timer 3 

(14) Interrupt control register 1 
(15) Timer control register 


(16) Processor status register 


(17) Program counter 


(18) Horizontal location register 
(19) Color register 0 
(0) Color register 1 
(1) Color register 2 
(2) Color register 3 


(23) Display control register 


(24) PWM output control register (P Q)(020616) - 


(25) Timer 4 control register 


Address 
(D0 )(E 1 46) 
(D1 )(E 346) 


(D2 )(E 5 46) 


(D3 )(E 946) - 


(D 4 )(E Big) 
(D5 )(E Dig) 
(D6 )(E F 46) 
(PM)(F 546) 
(SM)(F 6 i6) 
(PN)(F 946) 
(1N)(F Big) 


(T 2)(F Cie) 


(T 3)(F Dye) - 


(1 M)(F Exe) - 


(TM) (F F 46) 
(PS) 


(P Cu) 


(PC,) 


(HR)(D Oj6) 


(CO0)(D 445) 
(CO1)(D 516) 
(CO 2)(D 6 46) 
(CO3)(D 745) 


(CC)(D 8 46) 


(TN)(020816) 


LITT TT Te 





























rT 
Jo}o}o}ojo, 
| Jo]ofolofolo| 

] 


0 O46 









































Oe 5 


eee ree 


_|9/0}0/0 0/0 


———--—_, 


F Fie 








0 746 








0 016 








0 046 


eS) 


Contents of address 
FFFFi¢ 























Contents of address | 
FFFE 46 








0 O16 







































































010 





Note Since the contents of both registers other than those listed above 
and the RAM are undefined at reset, it is necessary to set initial 


values 


Fig. 33 





Internal state of microcomputer at reset 
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RESET 


RESETour 


SYNC 


Aaron KETO ROS OSIEFEXEFEEN TE) 
Reset address from 


Note 1 : Frequency relation of f(Xy) and ¢ is f(Xjy)=4°¢ 
2 : The mark “?” means that the address is changing 
depending upon the previous state 


8 to 12 clock cycles 





Fig. 34 Timing diagram at reset 
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Port PO 

Port PO is an 8-bit 1/O port with N-channel open drain 
and middle-voltage output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address O0E0}4¢. 
Port PO has a directional register (address 00E14.) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 
(bit O and bit 1 at address OOFF,,) , three different 
modes can be selected; single-chip mode, eva-chip 
mode and microprocessor mode 

In these modes it functions as address (A7-A,) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO. It can be built in pull-up register at each pin 
by selecting the option. In other modes, it-functions as 
address (A;5-Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

In single-chip mode, port P2 has the same function as 
port P1. In other modes, it functions as data (Do-D7) in- 
put/output port. Refer to the section on processor mod- 
es for details. 

Port P3 

In single-chip mode, port P3 has the same function as 
port PO but the output structure is not middle voltage. 
P3.-P37 have program selectable dual functions. P3o, 
P3, function as control signals input/output port except 
in the single-chip mode. Refer to the section on pro- 
cessor modes for details. 

Port P4 

This is a 1-bit 1/O port with function similar to port PO, 
but the output structure is CMOS output. 


' This port is unaffected by the processor mode bits. 


Port PS 

This is an 8-bit [/O port with function similar to port PO, 
but the output structure of P5. and P53 is not middle- 
voltage. P5, and P5,-P57 have program selectable dual 
functions. P55, P53 are shared with external interrupt in- 
put pins (INT, INT»). 





This port is unaffected by the processor mode bits. 

Port P6 

This is an 6-bit input/output port with function similar to 
port PO. The output structure of P65, P6, is CMOS out- 
put and the output structure of P62-P6, is N-channel 
open drain and middle-voltage. 

P69-P6,5 have program selectable dual functions. 

This port is unaffected by the processor mode bits. 
Function pins for CRT display function. 

The horizontal synchronizing signal is input from Hsync. 
The vertical synchronizing signal is input from Vsynco. |, 
B, G, R, OUT are output pins for CRT display. 

Refer to the section on CRT display functions for de- 
tails. 

? pin. 

The internal system clock (1/4 the frequency of the 
oscillator connected between the Xiy and Xoyr pins) 
can be output from this pin by selecting the option. 

At low-speed mode, Xcin divided by 2 is output from . 
this pin. 
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Directional register | > N-channel open drain output 
Port PO, P5,, P5,-P5,7, P62-P65 


Port PO, P5,, P5,-P5,, 
P62-P65 










Data bus 





Note : P5,, P5,-P57, P6.-P6; may also be 
used as PWM output pins 





N-channel open drain output 
Port P1, P2 
Port P1, P2 








N-channel open drain output 








Port P3, P52, P53 





Directional register 





() Port P3, P55, P5, 





Port ee 





Note : P3 may also be used as 
serial I/O pins 


CMOS Tri-state output 





Port P4,, P6o, P6, 


Port P47, P6o, P6, 


| Note - P69 may also be used as timer 
output pin and P6, may also be used 





as PWM output pin 





Hsyne; Vsync 


Schmitt input ¢, R, G, B, |, pe CMOS output 


Data bus _) Hsyne, Vsyne 
4, R, G, B, |, OUT 


Fig. 35 Ports PO-P6, Hsync; Vsync; % R, G, B, | and OUT block diagram 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), three different operation modes 
can be selected; single-chip mode, microprocessor mode 
and evaluation chip (eva-chip) mode. In the microp- 
rocessor mode and eva-chip mode, ports PO-P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 37 shows the functions of ports PO-P3. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 36. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Supplying 10V to CNVgg places the microcomputer in 
the eva-chip mode. The three different modes are ex- 
plained as follows: 


Internal RAM 


miscellaneous 
registers 


miscellaneous | 
registers 
Not used 

miscellaneous 
registers 

RAM for display 


ROM for display 1 


Internal RAM 


miscellaneous 
registers 


Port PO-P2 
miscellaneous 
- registers 


miscellaneous 
registers 


RAM for display 


| 


ROM for display 1 


ROM for display 2 


Eva-chip mode 


ROM for display 2 


a 


Microprocessor mode 





The shaded area is external memory area 


Fig. 36 Example memory area in processor mode 
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(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Port PO-P3 will work as original I/O 
ports. 

(2) Microprocessor mode (01) 
The microcomputer will be placed in the microp- 
rocessor mode when CNVsg is connected to Vss and 
the processor mode bits are set to “01”. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (D7-Do) and loses 
its normal output functions. Port P3, and P35 become 
the SYNC and R/W pins, respectively and the normal I/ 
O functions are lost. 

(3) Eva-chip mode [11] 
When 10V is supplied to CNVsg pin, the microcomputer 
is forced into the eva-chip mode. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is required. 

' The lower 8 bits of address data for port PO is output 
when ¢ goes to “H” state. When ¢gose to the “L” 
state, PO retains its original output functions. 

Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original output functions. Port P2 re- 
tains its original output functions while ¢is at the “H” 
state, and works as a data bus of D7-Do (including in- 
struction code) while at the “L” state. Pins P3, and P3,) 
output the SYNC and R/W control signals, respectively 
while gis in the “H” state. When in the “L” state, P3, 
and P3, retain their original |1/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 8. 

Note Use the M37103M4-XXXSP in the microprocessor 

mode or the memory expanding mode only at 

program development. 

The standards is assured only in the single-chip 

mode. 
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Eva-chip mode Microprocessor mode 


Ports P07-P0, Ports P07-P0, Ports P07-P0, 


X 1/0 port se ag 1/0 port ay : 


Ports P17-P1o Ports P17-P1, Ports P17-P1o 


Address Address 
X vO por (AR arReS XO port ) 


Ports P27-P25 Ports P27-P25 Ports P27-P25 


Output Data Data 


Ports P37-P35 Ports P37-P32 Ports P37-P3. 


x 1/O port x I/O port x 1/O port 


Port P3, Port P3, 


Port P35 Port P3, 


Fig. 37 Processor mode and functions of ports PO-P3 





Table 8. Relationship between CNVszg pin input level and processor mode 


Explanation 





* Single-chip mode The single-chip mode ts set by the reset 
¢ Eva-chip mode All modes can be selected by changing the processor mode bit with the program 


* Microprocessor mode 


¢ Eva-chip mode Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 

The M37103M4-XXXSP has two internal clock generating 
circuits. Figure 40 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin Xi, divided by four is used as the internal 
clock (timing output) ¢. Bit 7 of serial 1/O mode register 
can be used to switch the internal clock ¢to 1/2 the fre- 
quency applied to the clock input pin Xcyy. 

Figure 38 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator, When using an external clock 
signal, input from the Xi (Xcin) pin and leave the Xour 
(Xcour) pin open. A circuit example is shown in Figure 39. 

The M37103M4-XXXSP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin clock and Xciy clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 2 and timer 3 are forc- 
ibly connected and ¢/8 is selected as timer 2 input. When 
restarting oscillation, FF,,_ is automatically set in timer 2 and 
071, in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply (“0”), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable 
0), 

Oscillation is restarted (release the stop mode) when INT;, 
INT:, or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to “1”. When restarting oscillation with an interrupt or 
reset, the internal clock ¢ is held “H” until timer 3 overflows 
and is not supplied to the CPU. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢stops at “H” 
level, but the oscillator does not stop. ¢is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to “1” be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
Xin Clock is stopped and the internal clock ¢ is generated 
from the Xo clock (60uA or less at f(Xoiy) = 32kHz). Xin 
clock oscillation is stopped when the bit 6 of serial I/O 
mode register (address 00F6,,) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
Figure 41 shows the transition of states for the system 
clock. 








4 


M37103M4-XXXSP 
‘TXin  Xour 


Xin Xcout 


Cin Cour Con F Ccour 
eae ae ae 


Fig. 38 Example ceramic resonator circuit 


M37103M4-XXXSP 


Xin Xout Xciw Xcour 


28 Open29 30 Open 3] 
External oscillating External oscillating circuit 
circuit or external pulse 


Vss Vss 


Fig. 39 Example clock input circuit 
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Timer 2 count source 
Internal system selection TM; 
clock source 
selection SM, 


System clock 
stop bit 


SMe 


SM, Timing ¢ 
(internal clock) 


Ss Q Q Ss 
STP WIT R R STP instruction 
instruction | instruction 


C | Reset 
wi Interrupt disable flag | 
S Interrupt request 


Fig. 40 Block diagram of clock generating cirucit 
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Fig. 41 
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Note 1: 






WIT instruction 
4MHz oscillation 








Interrupt 
External INT 
Timer mera 
S$ 1/O interrupt 








WIT instruction 





4MHWHz oscillation 







Timer interrupt 
S 1/0 interrupt 





External INT | 


SM.=1 





WIT instruction 






4MHz stop 







Timer interrupt 
S !/O interrupt 








The above example assumes that signals of 4MHz and 32kHz are being applied to pins Xiy Xow respectively ¢ signifies the internal clock 
Approximately 8ms of latency time are automatically generated upon release 


from the STP instruction due to connections of timer 2 and 3. 





SM7=0 





<___ —_—___—_—s» 
32kHz oscillation 4MHz eeclliation 4MHz stop 
-_ 32kHz oscillation 32kHz stop 
eee $=16kH o=st 
= z =sto 
Timer operation( Note 3) Ser eee SS : 
Interrupt Interrupt( Note 1) 


SM.=0 





STP instruction 


= i Heati —_—_____> 

32kHz oscillation 4MHz oscillation 4MHz stop 

¢ =stop(high-level) 32kHz oscillation 32kHz stop 
Timer operation a eee ¢=1MHz ¢=stop 


Interrupt( Note 1) 
fExternal INT 
“S I/O interrupt 








STP instruction 







ude INT 
S I/O interrupt 


STP instruction 


<______ — 
4MHz st 
32kKHz oscillation al ; ai 
sect 32kHz oscillation 32kHz stop 
P ¢ =16kHz g=stop 
Timer operation( Note 3) eee oe SS 
Interrupt Interrupt( Note 2) 
External INT External INT 





S 1/0 interrupt 


2: Approximately 500ms of latency time exists after the release of the STP instruction 
3: When the internal clock 1/8 frequency is connected as a timer count source the count source becomes 2kHz 


Transition of states for the system clock 
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<An example of flow for system> 


Power on reset 
Clock X and clock for clock function Xo oscillation 
internal system clock start (X —-1/4— ¢) 


Program start from RESET vector 


Normal operation 


Normal program +-Operating at 4 MHz 


Internal clock ¢ source switching X( 4 MHz)—X (32. 768kHz)(SM; : 0— 1 ) 
Clock X halt(X>_ hy operation) 

Internal clock ah wie instruction) 

Timer 3 (clock count) overflow 


Internal clock operation start (WIT instruction released) 


Clock processing routine + Operating at 32. 768kKHz 


Operation on the clock 
function only 


internal clock halt (WIT instruction) 


Internal clock operation start (WIT instruction released) 
Program start Bt interrupt vector 


Clock X oscillation start 


Oscillation rise time routine (software ) Operating at 32. 768kHz 


Return from clock function 


Internal clock ¢ source switching (X—-—*>X)(SM7 : 170) 


Normal program — Operating at 4MHz 


STP instruction preparation (pushing registers) 


| 


Timer a timer 3 interrupt disable, timer 3 interrupt no request (IM4= 0, TMe= 0, TM7= 0 ) 
Timer 2 count stop bit resetting (TMs = 0 ) 


Clock X and clock for clock function X¢ halt (STP instruction) 


RAM backup function 


RAM backup status 


Interrupts from INT,, serial 1/O, INT. 
Clock for clock ee Xc oscillation start 


Timer 3 overflow (X_-/8—timer 2 timer 3) 
(Automatically connected by the hardware) 


Internal system clock start (X_—1/2— ¢) 


Program start from interrupt vector 


Interrupts from we timer 2, timer 1 or serial 1/O, INT» 


Normal program 


Return from RAM backup function 
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PROGRAMMING NOTES 


(1) Processor status register 


1. Except for the interrupt inhibit flag (1 ) being set to 
“1”, the content of the processor status register (PS) 
is unpredictable after a reset. Therefore, flags affect- 


ing program execution must be initialized. 


The T flag and D flag which affect arithmetic opera- 


tions, must always be initialized. 


2. A NOP instruction must be used after the execution 


of a PLP instruction. 
(2) Interrupts 


Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 


the execution of the BBC and BBS instructions. 
(3) Decimal operations 


1. Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
‘instruction following the ADC or SBC instruction be- 


fore executing the SEC, CLC, or CLD instruction. 


2. The N (Negative), V (Overflow), and Z (Zero) flags 


are ignored during decimal mode. 
(4) Timers 
The frequency dividing ratio of timer is 1/(n-+1). 
(5) STP instruction 


The STP instruction must be executed after setting the 
timer 2 count stop bit (bit 5 at address OOFFi.) to 


supply (“0”). 


DATA REQUIRED FOR MASK ORDERING 


Please send the following data for mask orders. 

* mask ROM order confirmation form 

* mark specification form 

* ROM data:::::: EPROM 3 sets 

Write the following option on the mark confirmation form 
(1) Port P1 pull-up transistor bit 

(2) Port P2 pull-up transistor bit 

(3) Xin and Xow oscillation feed-back resistor 

(4) CRT display signal input/output polarity 

(5) ¢ output 
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ABSOLUTE MAXIMUM RATINGS 
om ee ee ee 
P69-P65, Hsync, Vsync, 


Supply voltage —0.3 to 6 
a Xin» Xcin, OSC1 
—0.3 to 13 
P4;, P5Sp, P53, P6, P6,, Xout, ¢, 
lout Circuit current P19-P17, P29-P27, P3o-P37, P4,, 0 to 15(Note 2) 
P52, P53, P69, P6;, R, G, B, 1, OUT 


—0.3 1013 
: 
Vo Output voltage P0)-P07, P5;, P54-P57, P62-P6s 
Vo 

—0.3 to Voct0 3 V 
Xcour, OSC2, R, G, B, |, OUT 
Vos 7V 
Sei imansed poses Rs aoe ee. 0 15(Note 2) 










Input voltage RESET, CNVss 
Input voltage P09-P07, P1o-P17, P29-P27, 
P39-P37, P47, P51-P5z, 























With respect to Vss 







Output transistors are 
at “off” state 





















—0.3 to Voct+0. 3 
a Output voltage P19-P17, P2o-P27, P3p-P37, 
| lon _ | Circuit current P65, P6, P47, R, G, B, I, OUT 0 to 10( Note 1) 
Vo>7V 0 to 1(Note 2) 


1000 


RECOMMENDED OPERATING CONDITIONS 


(Voc=5V+10%, Ta=—10 to 70 unless otherwise noted) 


Limits 
~ Symbol Parameter Unit 
pmo | ammo me Typ Ce] 


in 
Supply Normal speed mode (Xin) =4MHz 4.5 5.0 90 
voltage f(OSC1)=5MHz V 
je (Note 1) | Low-speed mode f(Xon)=32kHz 3.0 
“H” input voltage PO -P07, P19-P17, P29-P27, 


Voc 
Vss 
P39-P37, P47, P5,-P5y, 
m P69-P6s, Xin, Xcin, RESET, 
Vin 
Vin 








Power dissipation 






Topr Operating temperature 


Note 1 : The total of lo should be 20mA(max ) 
2: The total of lor; and lo.2 should be 50mA(max ) 






So 


Storage temperature 


































| Vss_ | 
Hsync, Vsyne 
“L” input voltage PQ9-P07, P19-P17, P29-P2,, 
P39, P3;, P33-P3s, P37, P47, 
NE ele 
Xin, Xcin, Hsync, Vsyne 




























“L” average output current PQ -P07, P19-P17, 
isicages P29-P27, P39-P37, P47, 
P5,-P57, P6o-P6s, 
R, G, B, 1, OUT 
PQo-P07, P51, P54-P57, P62-P6s Vo>7V 
“H” average output current P47, P69, P6,, R, G, B, |, OUT 


a 
a 














f(Xcin) | Oscillating frequency 
f(OSC1) | Oscillating frequency 


Note 1 : Apply 0.022uF or greater capacitance externally to the Vcc power supply pin so as to reduce 
power source noise 
2 : Use a quartz crystal oscillator or a ceramic resonator for the CPU oscillating circuit 








¢ MITSUBISHI soe 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37103M4-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 





ELECTRIC CHARACTERISTICS (Vcc=5V+10%, Vss= 0V, Ta=—10 to 70°C, f(Xin)=4MHz) 


Parameter Test conditions Unit 
ee ee ee 


“H” output voltage P47, P6o, P6;, R, G, B, |, OUT Voc=4. 5V, lon =—0. 5mA Te ee 


Voc=4. 5V 


lou = —2.5mA 
























Von “H” output voltage ¢ 




















“L” output voltage PQ -P07, P29-P27, P3o-P3z, 
P47, P5;-P57, P6o-P6s, 
R, G, B, |, OUT 







Voc™=4. 5V 
lot =0.5mA 





VoL 


Vv “L” output voltage ¢ camel 
u 

er os 2 lot =2.5mA 

Hysteresis RESET 


Hysteresis P32, P3g, P47, P52, P53, P5g, Hsync, Vsyne, Xcin (Note 2) 


“L” output voltage P19-P17 


















Pull-up transister (Note 1) P19-P17, P29-P27 





“H” input current POQo-P07, P19-P17, P29-P27, 
P39-P37, P47, P5;-P57, P69-P6s, 
RESET, Xin, Xcin, Hsync; Vsyne 














“H” input leak current PO9-P07, P5;, P54-P57, P69-P65 


is is 
> > 





“L” input leak current PO9-P07, P19-P17, P2o-P27, 
P39-P37, P47, P5;-P57, P69-P6s, 
Hsync; Vsyne; Xcin, RESET 















o 
ol 
< 


RAM retention voltage At stop mode 
Voc=5. 5V, f(Xin) =4MHz 


At system operation and CRT display off 
At system operation and CRT display on 
Vec=5. 5V, f(Xin) =4MHz 


Xin—Xour stop 
f(Xcin) =32kHz 
At system operation 


Supply current 
















< 
Q 
3 
| 
2) 
on 
< 
N 
O1 
oO _ N 
is 
3 
> 








Xin—Xour stop 
f( Xcin ) =32kHz 
At wait mode 


At stop mode = 








—~|a,o 
| [af ; 
=) 
=) 
is 
> 





Note 1 : Pull-up transistor 1s mask option 
2 : Hysteresis of Xciy is only when this port is used as timer 4 input 
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DESCRIPTION 
The M37202M3-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW) 


signed with CMOS silicon gate technology. It is housed ina 
64-pin shrink plastic molded DIP. This single-chip micro- 


Oscillation input for 
display OSC1 > Voc 





; ; Oscillation output for OSC? — a4 
computer is useful for the high-tech channel selection sys- display Sune 
P3.6/INT2/A-D2 +> — Vsyne 
tem for TVs and VTRs. dS port P3./A-D1 + + R/P5, 
In addition to their simple instruction sets, the ROM, RAM, P3,/INT1 + + G/P53 output 
and I/O addresses are placed on the same memory map to 14-bit PWM output = D-A+— — B/P5, bart 
enable easy programming. P6)/PWMO + — |/P5; 
P6,/PWM1 + — OUT/P5¢, 
FEATURES P6,/PWM2 +» 
@ Number of basic instructions: 69 1/0 port P6 P63/PWM3 
@ Memory size ROM cic 12288 bytes Se 
BANA cxGeaateaamientdiacntiretinhenetaaaaey 256 bytes ae 2 1/O port PO 
@ Instruction execution time Sar 
as 14s (minimum instructions at 4MHz frequency ) P3,/TIM3 <> 3 
@ Single power supply sbeebs WE wie odchinlere deielew does Wedd Setdeayeratedennie 5V+10% P3./TIM2 <> = 
@ Power dissipation ied ohh a 
normal operation mode (at 4MHz frequency) x< 
Sietrieagetiauaniersateeaeens 110mW (Voc=5.5V, CRT display) P4,/Srapy a 
@ Subroutine nesting «eee 96 levels (Max.) P46/Sin +* = pests 
@ Interrupts: ccc ees 12 types, 12 vectors P4s/Scik ** 
@ B-bit tiME cer ee eee eee eee ete e eet e eee e eee ees 4 \/O port P4 
@ Programmable I/O ports 
(Ports. PO; P1,1P2, PS; P4,- PG errs Geren vessenaresaennes 47 
@ Output port (Port P5) SRST ade SESW ole nea NOES eRe Rabe Bas Goes 5 
@ Serial I/O (8-bit) Uesiaiek Wee aac nee Pee: e's HES dattlonsiedalels cs teateken | 
@ Special serial 1/O (1?C bus* format) --1rs er ce cree 1 Timing output 
@ PWM function ccc tects eee eee ees 14-bitX1 Reset Input 70 port P2 
ieee ner 
@ A-D converter (4-bit resolution) ss 4 channels 
@ 72-character on screen display function 
Number of character-::+---7++++* 24 characters X3 lines Outline 64P4B 
Kinds of character eee eee eee cee Rr ee ace eae ee ae ee eae ee 94 
APPLICATION 
TV, VTR 


* : Purchase of Mitsubishi Electric Corporation’s °C components converys a license under the Philips 12C Patent Rights to use these 
components in an I?C system, provided that the system conforms to the I?C Standard Specification as defined by Philips. 
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M37202M3-XXXSP BLOCK DIAGRAM 


Clock Clock Timing Reset 
input output output input 
Xin Xout ¢ RESET Vec Vss CNVss D-A Wane feces Beene 


-—-—- a @—-Q—Q— - — - —- — - — - —-— - —-— -—©—--— -— -—-- ai OB 


Program | Program 


counter counter 
PC, (8) PC, (8) 


Data bus 














Timer count source = 
selection circuit 


14-bit 
PWM circuit 
Stack 
pointer 
S(8) 
Instruction 
ai a oe 


: 
mime eS a 


Pea cope 


Address bus 


| 
Bila 


Processor 
status 
register 
PS (8) 






Accumulator 
A (8) 


Arithmetic 
and logical unit 






Instruction 
decoder 















ae Cee 


1 

| 

' 

1 

! 

! 

| 

| 

Control signal | 

| 

' 

i 

' 

1 

I 

| 

ili 
er | 


li | | TA aceee 
| | | oO 
L- 666516463626 NE049)—484 7464549431424 1)—COS9BBB7EORNB433)— - Ladd os ddchdoddhcbes SSeS Ss biscohbbihe CPEIEIEOC!- — 
Ue, U————_ ——“ ——_—“’ ——_. UA———_,—-Y s eee ei ae, No / 
1/O port PO 1/O port Pl 1/O port P2 *- 1/0 port P3 I/O port P4 1/O port P6 Output port P5 


YATIONLNOOD AVIdSIC NASYOS“NO YIM 
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FUNCTIONS OF M37202M3-XXXSP 


lus (minimum instructions, at 4MHz frequency) 


Memory size 


/O 

1/0 

10 5-bitX1 (can be used as timer input pins, INT1, INT2 input pins and A-D 
input pins) 

1/0 

/O 





| 
Input/Output ports > ae 4-bitX1 
| lO 4-bitX1 (can be used as serial I/O pins) 
| Output 5-bitX1 (can be used as R, G, B, |, OUT pins) 


/O 6-bitX1 (can be used as PWM output pins and A-D input pins) 
/O 2-bitX1 

Serial 1/O 8-bitX1 (Special serial 1/O (8-bit) X1) 

A-D converter 4-bit (4-channel) 

Pulse width modulator 14-bitX1, and 8-bitx4 


Timers 8-bit timerxX4 
Subroutine nesting 96levels (max ) 


Two external interrupts, eight internal interrupts, 





Interrupt 
one software interrupt 


Clock generating circuit Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 
at CRT display ON 110mW (clock frequency Xiy=4MHz, Voc=5. 5V, Typ ) 

Power dissipation at CRT display OFF 55mW (clock frequency Xiy=4MHz, Voc=5. 5V, Typ ) 
Input/Output voltage 12V (Port P4g~P43, P4g, P47, P6p~P63, P65, P67) 

Input/Output characteristics 

CRT display function Character size 


Display position 64 (horizontal direction) X128 (vertical direction) 
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Input/ 
Functions 
Output 


Supply voltage i Power supply inputs 5V+10% (typ ) to Voc, and OV to Vss 
CNVss fd This is connected to Vss 


Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 





\ 


PIN DESCRIPTION 






Vcc; 








CNVss 
RESET 


If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time 


42) 
a 


This chip has an internal clock generating circuit. To contro! generating frequency, an external ceramic ora 
quartz crystal oscillator is connected between the Xiy and Xour pins If an external clock ts used, the clock 
source should be connected the Xjy pin and the Xour pin should be left open 


conditions). 
Xin Clock input 
Xout Clock output 


Timing output 


This is the timing output pin 


1/O port PO i/O Port PO is an 8-bit !/O port with directional registers allowing each |/O bit to be individually programmed as 


PQ) to PO, 
input or output. At reset, this port is set to input mode The output structure is CMOS output 





P19 to P17 | I/O port P1 1/0 Port P71 1s an 8-bit 1/O port and has basically the same functions as port PO 


1/0 Port P2 is an 8-bit I/O port and has basically the same functions as port PO 


1/O port P3 1/0 


P2, to P27 | I/O port P2 














P35 to P3, Port P3 is an 7-bit i/O port and has basically the same functions as port PO, but the output structure of P3bp, 
P3, is CMOS output and the output structure of P32 to P3g is N-channel open drain 

P32, P33 are in common with external clock input pins of timer 2 and 3 P34, P3¢ are in common with exter- 
nal interrupt input pins INT1 and INT2 \P3s5, P3g are in common with analog input pins of A-D converter 


(A-D1, A-D2) | 


Port P4 1s an 8-bit I/O port and has basically the ga functions as port PO, but the aatous structure Is 
N-channel open drain 
When serial !/O ts used, P44, P45, P4g and P47 work as Sout, Scix, Sin and Sprpy pins, anaes Also 





P4,) to P4, | I/O port P4 


P4,4, P45 are in common with special serial |/O pins of SDA and SCL 






t 


P6 to P67 | I/O port P6é Port P6 is an 8-bit 1/O port and has basically the same functions as port PO, but the output structure ts 
N-channel open drain Port P69 to P63 are in common with PWM output pips PWMO0O to PWM3 


Port P64, and P65 are in common with A-D converter analog input pins A-D3 and A-D4 


|  § 


OSC1, Clock input/output 
OSC2 for CRT display 


input This is the 1/O pins of the clock generating circuit for the CRT display function 


Output : 
This is the: horizontal synchronizing signal input for CRT display. 
This is the vertical synchronizing signal input for CRT display 


Vsync input 
R, G, B, This ts an 5-bit output pin for CRT display The output structure is CMOS output This is in common with 


CRT output Output 
1, OUT port P52 to P5g 


D-A DA Output This 1s a output pin for 14-bit PWM. The output structure is CMOS output 





Hsync Hsync input 


Vsync 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37202 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


CPU Mode Register 

The CPU mode register is allocated to address OOFB,.¢. Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 


CPU mode register (address 00FB,.) 


Processor mode bits 

0 0 : Single-chip mode 

0 1 : Memory expansion mode 
1 0 : Microprocessor mode 

1 1 : Disable 


Stack page selection bit 
0 : In page 0 area 
1 : In page 1 area 





-—-——-— System clock output selection 
bit (note 1) 
0 : Stop (reset-out) 
1 : System clock output 


Note 1: This bit validates in single-chip mode only 
In the other processor mode, the 28th pin always outputs 
the system clock 





Fig. 1 Structure of CPU mode register 
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MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 


I 


¢« Zero Page 

Zero page addressing mode is useful, because it enables 
access to this area with fewer instruction cycles. 

* Special Page 


¢ RAM 


RAM is used for data storage as well as a stack area 


* ROM 


Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


ROM is used for storing user programs as well as the inter- 


rupt vector area. 
¢ Interrupt Vector Area 


The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 


RAM 
(192 bytes) 


RAM 
(64 bytes) 


RAM for display 
(216 bytes) 


ROM for display 
(1504 bytes) 


ROM for display 
(1536 bytes) 


ROM 
(12K bytes) 


Fig. 2 Memory map 


Ny 





Zero page 


010016 


013F 16 


200016 
20D7 16 


300016 
35DFi¢ 


37E016 
3DFF ig 


Special page 
Interrupt vector area 


(See section on interrupt) 
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Fig.3 SFR (Special Function Register) memory map 


INTERRUPTS 

Interrupts can be caused by 11 different events consisting 
of three external, seven internal, and one software events 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed as 
described in the stack pointer (S) section above, interrupt 
disable flag | is set, and the program jumps to the address 
specified in the vector table. The interrupt request flag is 
cleared automatically. The reset and BRK instruction inter- 
rupt can never be disabled. Other interrupts are disabled 
when the interrupt disable flag is set. 
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Horizontal position register 
Vertical display start position register 1 


ee ee 
aaa aes 


a eer 
CPU mode register 





All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O”. The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 
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Table 1. Interrupt vector address and priority. 


INT2 interrupt FFFBieg, FFFAi6 


Timer 4 interrupt FFF5ig, FFF 416 a ee 



























Vsync interrupt 8 FFFlig, FFFOi. 
Timer 3 interrupt FFEFi6, FFEEi.6 
Timer 2 interrupt FFEDi6, FFECi6 


Timer 1 interrupt FFEBig, FFEAi.s 
BRK instruction interrupt 12 FFDF.is, FFDE..6 Non-maskable software interrupt 


7 0 7 0 
Interrupt request register 1 Interrupt request register 2 
(address 00FC,) (address OOFD,¢) 
Timer 1 interrupt request bit INT1 interrupt request bit 
Timer 2 interrupt request bit INT2 interrupt request bit 
Timer 3 interrupt request bit 
- Timer 4 interrupt request bit Serial !/O interrupt request bit 
ims interrupt request bit 














CRT interrupt request bit 
Vsync interrupt request bit 


Q : Interrupt disabled 
1 : Interrupt requested 


7 0 7 0 
Interrupt control register 1 Interrupt control register 2 
(address OOFE;,) (address OOFF,.) 

Timer 1 interrupt enable bit INT1 interrupt enable bit 
Timer 2 interrupt enable bit | INT2 interrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit Serial I/O interrupt enable bit 

1ms interrupt enable bit 


CRT interrupt enable bit 
Vsync interrupt enable bit 


0 : Interrupt disable 
1 : Interrupt enabled 





Fig. 4 Structure of registers related with interrupt 


Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag | 


BRK instruction Interrupt request 
reset 





Fig. 5 Interrupt control 
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TIMER 

The M37202M3-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 7. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of timer 12 mode register and timer 34 
mode register (address 00F4,., 00F5;.), as shown in Fi- 
gure 6. 

All of the timers are down count timers and have 8-bit 
latches. When a timer reaches “00,,.” and the next count 
pulse is input to a timer, a value which is subtracted 1 from 
the contents of the reload latch are loaded into the timer. 
The division ratio of the timer is 1/(n-+1), where n is the 
contents of timer latch. The timer interrupt request bit is set 
at the next count pulse after the timer reaches “00,,”. 

The starting and stopping of the timer is controlled by bit 2, 
3 of timer 12 mode register and timer 34 mode register. 

At a reset or stop mode, FFi, is automatically set in timer 3 
and 07;, in timer 4 and timer 4, timer 3 and the clock 
(f(Xin) divided by 16) are connected in series. 

When restarting oscillation or canceling a reset, the internal 
clock is not supplied to the CPU until timer 4 overflows. 





Timer 12 mode register : T12M 
(address 00F44.) 


Timer 1 count source selection bit 
O : f(Xiw) divided by 16 
1° 1024us clock 


Timer 2 count source selection bit 
0 : Internal clock 
1 : External clock from P32/TIM2 pin 


Timer 1 count stop bit 
0 : Count start 
1 : Count stop 


Timer 2 count stop bit 
0 : Count start 
1 : Count stop 


Timer 2 internal count source 
selection bit 


0 : f(Xiy) divided by 16 
1 : Timer 1 overflow 


Timer 34 mode register : T34M 
(address 00F5;.) 


Timer 3 count source selection bit 
0 : f(Xip,) divided by 16 
1 : External clock from P33/TIM3 


Timer 4 internal count source 
selection bit 

0 : Timer 3 overflow 

1 : f(Xiy) divided by 16 


Timer 3 count stop bit 
0 : Count start 
1 : Count stop 


Timer 4 count stop bit 
0 : Count start 
1 : Count stop 


Timer 4 count source selection bit 
0 : Internal clock 
1 : f(Xiy) divided by 2 





Fig.6 Structure of timer 12 mode register and 


timer 34 mode register 
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Data bus 


8 


1024us clock 
e Timer 1 latch (8) 
8 
Xn C DP 


8 
Timer 2 latch (8) 
8 
Timer 2 (8) 







Timer 1 
interrupt request 








P3,/TIM2 ©) ue 


P33/TIM3 ©) fn 7 


Timer 2 
interrupt request 


Reset 
STP instruction 


Timer 3 
interrupt request 


Timer 4 
interrupt request 


=, A Timer 4 (8) 
T34M, 
T34M3 
Selection gate : Connected to black 
colored side at reset 


Note : Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles. 
Fig. 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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To use P4, as a serial input, set the directional register bit 


SERIAL 1/O 


A block diagram of the serial 1/O is shown in Figure 8. 

In the serial |1/O mode, port P4, to P47 are used as the se- 
rial 1/O pins (Sour and Six), synchronous input/output clock 
pin (Scix), and the receive ready signal pin (Sapy). The 





which corresponds to P4, to “0”. For more information on 
the directional register, refer to the I/O pin section. 

Also to use internal clock of serial |/O, bit 1 of special 
mode register 1 (address 00DA,,) needs to be set to “1”. 


The serial |/O function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter- 
nal clock or internal clock. 


serial |/O mode registers (address 00DE;,) are 8-bit regis- 
ters. Bits 0, 1 and 2 of these registers are used to select a 
synchronous clock source. 

Bit 3 and 4 decide whether port P4 will be used as a serial 
I/O or not. 


Data bus 


1/4 | 1/8 | 1/16 


P4, latch ° 0 \ 0 SIOM, 
SIOM> O oO oO 


; 
To 


e (| Serial I/O counter 
SIOM3 SB, 
P4,latch SDA 


Xin OC 


O SIOMg 
P47/Srpy ©O <a, 
SIOM, 

P4, latch SCL 


(8) Serial 1/O 


P4./S 
s/Seixk O interrupt request 


SIOM; : LSB«+MSB 


Serial |/O shift register (8) y 


P4,/Sout O 


=, < 
SIOM3 SBo 





Fig. 8 Block diagram of serial I/O 
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Internal clock—The Sarpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address OODF,,). After the falling edge of the write 
signal, the Srpoy signal becomes low signaling that the 
M37202M3-XXXSP is ready to receive the external serial 
data. The Srpy signal goes “H” at the next falling edge of 
the transfer clock. The serial 1/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 
edge of the transfer clock, serial data is output to Sour. 
‘During the rising edge of this clock, data can be input from 
Sin and the data in the serial I/O register will be shifted 1 
bit. 

Transfer direction can be selected by bit 5 of serial I/O 
mode register. After the transfer clock has counted 8 times, 
the serial |/O register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 











Sync clock 





Transfer clock 


Serial 1/O register 
write signal 


Serial i/O output 
Sout 

Serial {/O input 
Sin 






Receivable signal 








Sroy 


Fig.9 Serial 1/O timing 


Transmission side 
Serial 1/O mode register 


Bit 4 Bit 0 


Re 


Po KO X D2] K_Ds X_O« X 0s X Os _X oy 


bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
SOOkHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. When using an external clock for trans- 
fer, the external clock must be held at “H” level when the 
serial I/O counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial |/O counter 
must be initialized after switching. 

An example of communication between two M37202M3- 
XXXSPs is shown in Figure 10. 





Interrupt request bit set 


Reception side 


Serial I/O mode register 


Srpy Srpy 
Bit 4 Bit 0 
| Oe De) 
Sync clock 


Scik Scik 
The direction register for pin Srpy The direction register for pin Sin 
should be set to input mode should be to input mode 
Serial data 


Fig. 10 Example of serial |1/O connection 








2—158 


afte MITSUBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37202M3-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 





Serial |/O mode register 
(address 00DE,.) 


Internal synchronous clock 
selection bit 


00: f(Xiw) divided by 4 

01: (Xin) divided by 16 

10: f(Xw) divided by 32 

11: f(Xiy) divided by 64 
Sync. clock selection bit 

0 : External clock 

1 : Internal clock 


Serial 1/O port selection bit 
0 : Port P44, P45 
1 : Special mode (see Fig. 15) 


Srpy signal output selection bit 
0 : Port P4, 
1 : Special mode (see Fig 15) 


Transfer direction selection bit 
0 : LSB first 
1 : MSB first 


Fig. 11 Structure of serial |1/O mode register 





SPECIAL MODE (I?C BUS MODE) 
M37202M3-XXXSP has a special serial |/O circuit that can 
be reception or transmission of serial data in conformity 
with I2C (Inter IC) bus format. 

7C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37202M3-XXXSP’s special serial I/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial |/O are explained in the following: 

(1) Master transmission 

To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 00DB,) to “1” so as 
to special mode serial |/O interrupt is selected. Then set 
bit 3 of interrupt control register 2 (address OOFF,,) to “1” 
so as to special mode serial I/O interrupt is enabled. Clear 
the interrupt disable flag | to “O” by using the CLI instruc- 
tion. 

The output signals of master transmission SDA and SCL are 
output from ports P4, and P4s. Set all bits (bits 4 and 5) 
corresponding to P4, and P4, of the port P4 register 
(address 00C8,,) and the port P4 direction register 
(address 00C9,,) to “1”. 

Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4. 


| (For instance, if f(X;y)/16 is selected as the clock source 


of timer 4 and 4 is set in timer 4 when f(X,y) is 4MHz, the 
master transmission clock frequency is 25kHz.) 

Set contents of the special mode register 2 (address 
O00DB,,). (Usually, “83,,”.) 

Set the bit 3 of serial I/O mode register (address 0ODE;,). 
After that set the special mode register 1 (address 
00DA,.,). Figure 15 shows the structure of special mode 
registers 1 and 2. 

Initial setting is completed by the above procedure. 

Write data to be transmitted in the special serial |/O regis- 
ter (address 00D9,,). Immediately after this, clear bits 0 
and 1 of special mode regiser 2 (to “0”) to make both SDA 
and SCL output to “L”. This is for arbitration. The start sig- 
nal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK receiving and the output level 
becomes “H” at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 

When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to “1” (issue of interrupt 
request), notifying the end of data transmission. 

To transmit data successively, write data to be sent to the 
special serial |/O register, and set the interrupt enabled 
state again. By repeating this procedure, unlimited number 
of bytes can be transmitted. 








are SR 
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To terminate data transfer, clear bits 0 and 1 of the special 
mode register 2 to “0”, set bit 1 clock SCL to “1”, then set 
bit 1 data SDA to “1”. This procedure transmits the stop 
signal. 

Figure 13 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, set master reception ACK provided 


P4, latch 
P4,/SCL (C) 


SIOM3 
SI/O counter 


P4,/SDA () 


SIOMs3 
SI/O shift register 


Data bus 


Fig. 12 Block diagram of special serial I/O 






P4,/SDA 






Fig. 13 ¢ Master transmission timing 


P4,/SDA 


P4,/SCL 


P4,/SDA 





(br X be X bs bs K be X be Kb: bo JACK) 


P4./SCL ee ee le | 


{ ' ' ’ 
Geran dee heehee Deeks 


(26,6) in the special mode register 1 (address O0DA,g) , 
and write “FF,,” in the special serial 1/O register (address 
00D9,,). This sets data line SDA to “H” and to perform 8- 
clock master reception. Then, “L” is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 

Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 14 shows master reception timing. 


Sync circuit 


Interrupt request 


HDF | | Ack | wy, Shift register 
SB, 
P4, latch 
SB2 Control 
er, circuit 








Reception data 


r “4 
Gon houbews hone bowen Peaches 


P4./SCL Bip teseeeceeuaeee pas aa 


Fig. 14 Master reception timing 
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7 0 
SIRS EaE Special mode register 1 
(address OODA;.) 


Transmission and reception mode 
selection bit 
0 : Reception mode 


1 : Transmission mode 


Synchronous clock selection bit 
0 : External clock 
1 : Timer 4 overflow 


P4,4, P45 special mode selection bit 


0 : Sout, Sctk signal output 
1 : SDA, SCL signal output 


ACK operation selection bit 


0 : ACK ts not transmitted or 
received 


1 : ACK ts transmitted an 
received : 


Start signal detect bit 
0 : Start signal is not detected 
1 : Start signal was detected 


Stop signal detect bit 
0 : Stop signal is not detected 
1 : Stop signal was detected 


Fig. 15 Structure of special mode registers 1 and 2 


(3) Wait functions 
Wait function 1 holds the SCL line at “L” after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
“L” after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to “1”, to enable the corres- 
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial 1/O register 
(address 00D9,.), or by setting the START signal detection 
bit to “1”. Reset the internal counter for each byte before 
data transfer. 
The wait functions can be released by setting the corres- 
ponding bit 5 or 6 of the special mode register 2 to “1”. 
Note 1 : Clear the START signal detection bit (bit 6) and 
the STOP signal detection bit (bit 7) of the spe- 
cial mode register 1 by writing “1” to bit 6 or bit 7. 





9 MITSUBISHI 
ELECTRIC 


7 0 
Le eh 4 Special mode register 2 
(address 00DB,,) 


Data line control bit 
0 : SDA outputs “L” 
1 : SDA outputs “H” 


Clock line control bit 
0 : SCL outputs “L” 
1 = SCL outputs “H” 


ACK recognition bit 
0 : ACK was received 
1 : ACK is not received 


Wait function 1 enable bit 
0 : Wait function 1 is disabled 
1 : Wait function 1 is enabled 


fe ae Wait function 2 enable bit 


0 : Wait function 2 1s disabled 
1 : Wait function 2 is enabled 





Wait function 1 acceptance display bit 
0 : Wait function 1 Is not accepting 
1 : Wait function 1 1s accepting 


Wait function 2 acceptance display bit 
0 : Wait function 2 is not accepting 
1 : Wait function 2 is accepting 


Interrupt selection bit 
0 : Serial 1/O interrupt 
1 : Special serial 1/O interrupt 
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PWM OUTPUT CIRCUIT 

(1) Introduction 
The M37202M3-XXXSP is equipped with one 14-bit 
PWM (DA) and four 8-bit PWMs (PWMO to PWM3). 
The 14-bit resolution gives DA the minimum resolution 
bit width of 500ns (for X,;y=4MHz) and a repeat period 
of 8192us. PWMO to PWM have a 8-bit resolution with 
minimum resolution bit width of 84s and repeat period 
of 2048s. 
Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to DA and PWM0O to 3 using clock input 
Xin divided by 2 as a referece signal. 

(2) Data setting 
The output pins PWMO to 3 are in common with port 
P6. 
For PWM output, each PWM output selection bit (bit 2 
to 5 of PWM output control register 1) should be set. 
When DA is used for output, first set the higher 8-bit of 
the DA-H register (address 00CE,,), then the lower 6- 
bit of the DA-L register (address 00CFj.). 
When one of the PWMO to 3 is used for output, set the 
8-bit in the PWMO to 3 register (address 00D0;, to 
00D3,,), respectively. 

(3) Transferring data from registers to latches 
The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. However, bit 7 of the DA-L register indicated 
the completion of the data transfer from the DA register 
to the DA latch. If bit 7 is “O”, the transfer has been 
completed, if bit 7 is “1”, the transfer has not yet 
begun. 

(4) Operation of the 8-bit PWMs 
The timing diagram of the four 8-bit PWMs (PWMO to 
3) is shown in Figure 17. One period (T) is composed 
of 256 (28) segments. 


There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter- 
nal section. Refer to Figure 17 (a). . 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high- 
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
i.e. 256/256. 

(5) 14-bit PWM operation 
The output example of the 14-bit PWM is shown in Fi- 
gure 19. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length D,, times T is output 
every short area of t=256 T=128us as determined by 
data D,, of the higher 8 bits. 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus 7. As a result, 
the short-area period t (=128us, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 
At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 


Table 2. Relation between the 6 low-order bits of data 
and high-level area increase space 


m= 8, 24, 40, 56 
m= 4,12, 20, 28, 36, 42, 50, 58 
m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
m=1, 3,5, 7) .cce 57, 59, 61, 63 
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Data bus 


















DA-L register 
(address OOCF;.) 






DA-H register 
(address 00CE,.) 






Timing 
generator 
for PWM 





+ 


I 
l 
J 






PWMO register 
(address 00D0;6) 
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+ Selection gate . connected to black 


colored side when 
reset 


@— Pass gate 


PWMO 
PN3, P6) 6c fl 
@ 
8-bit PWM circuit 4 is Bw al 
3 Sot 1 Pw. 
= D6 PWM1 
> —~D > aes «aS «a = —_—est ese «see cow —_empe ame P6, 1 
i 
: 1 
| | PWs | 
| PWM2 
| 2 tee: 
1 
J PW, 
I P63 
! i: 
| PW; 
fash Saas, Shier cada secret Shae eee icky Mae os US, Meck Saas el PM : PWM output control register 1 
PN: PWM output control register 2 
D6: Port P6 directional register 
eeiad P6: Port P6 register 
Inside of: ‘are the same construction SB: Special mode register 1 


Fig. 16 Block diagram of the PWM circuit 
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13579 20 30 40 70 80 90 100 110 120 130 140 150 160 170 186 190 200 210 220 230 240 250 255 


2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102106110114 1181221261301 34138142 146150 154158 162166 1701 741781821 861901941 9820220621021 4218222226 230 234238242246 250 254 
4 12 2 28 36 44 52 60 68 76 84 92 100 108 16 124 132 140 148 156 164 172 180 188 204 «212 «220 228) 236 244 = 82 


104 120 136 142 168 184 288 216 232 248 


(a) Pulses showing the weight of each bit 


Contents 
of the latch 


When 00,5 (0) 
When 01;, (1) 


When 1816 (24) 
When FF1¢(255) 


When output is PWM0 to3 t=8us T=2048us 
When f( Xin) =4MHz 


(b) Example of 8-bit PWM output 





Fig. 17 8-bit PWM timing diagram 


PWM output control register 1 PWM output control register 2 
(address 00D5i6) (address 00D6,,) 


DA, PWM count source selection bit 
0 : Count source supply 
1 : Count source stop 


DA output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


DA/PN, output selection bit 
0 : DA output 
1 : PN, output 


PWM output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


P6)/PWMO output selection bit 


0 : P6, output 
1 : PWMO output 


DA wide use output register 
0 : “0” output 
1 : “1” output 


P6,/PWM1 output selection bit 
0 : P6, output 
1 > PWM1 output 


P6./PWM2 output selection bit 
QO : P6. output 
1° PWM2 output 


P63/PWM3 output selection bit 
0 : P63 output 
1 > PWM output 





Fig. 18 Structure of PWM output control register 1 and 2 
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Data in address O0CE;, is # 6Ai¢ Data in address O0CEj, is # 7Bi¢ 


pennies ele he ON 7B 16 


Data in address 
OOCFig 1s + 2416 Bit 7 reset after transfer Data in address O0CF;¢ 1s # 3546 


DA-L register 

Register to latch transfer Bdi6 Register to latch transfer 
A latch 
a a6) 1653.6 NY TAA ees aie : TEP ie 


A__ When bit 7 of DA-L ts “O” register 


T = 8192us to latch transfer will not occur 


(64X128us) 





















t= 128us ———— 








ee ~ 
—— st 
(Example 1) 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A |6B 6A 
D-A output | 
® 

lower 6 bits ’ ' 

output 5 5 5 5 5 5 5 5 5 5 
(When H: BAit6. 

L: 2416) 6B,,- (32+4) times 6Ai¢ 28 ——— > 106X64+36 

(107) (106) suInes 





(Example 2) 
D-A output 


6A [6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B |6A 6A 






lower 6 bits 
output 





4 4 3 4 4 3 4 
6B,6- --(164+8) times 6A,,- 40 times |e exert 





(When H: 6Ai6, 
L 1816) 


eee : t=128us ~~“ 


(2560. 5us) 
Minimum bit resolution width| 7 =0,5yus 


: | 
Sone eB] 6A! 69! 6867! —~ 102! 01 6A! 69! 68! 67! ~~! 02! 01 
@ ADD ADD 


8-bit counter 102! 01! OOJFFIFEIFDIFC! —~— 197196! 95! ~~~ 102101100 |FFIFE!FDIFC! ~~~ 197196195! ~~ 


High/low-level of the ADD | High-level area output, the length 


section is determined by of which 1s specified DA-H 
the data contained in 


the lower 6-bit 





256 7 (128s) standard 


Fig. 19 14-bit PWM timing diagram 
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A-D CONVERTER 

Block diagram of A-D converter is shown in Figure 20. A-D 
converter consists of 4-bit D-A converter and comparator. 
The A-D control register can generate 1/16 Vcoc-step inter- 
nal analog voltage based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana- 
log voltage. The comparison result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 


Data bus 


A-D control register 


Analog 


signal Comparato 


switch 


Fig. 20 Block diagram of A-D converter 


A-D control register 
(address O0EF 6) 


Internal analog voltage 
set bits (See table 3) 


Comparison result 
0 : Input voltage < 


Internal voltage | 


1 = Input voltage > 
Internal voltage 
A-D input pin selection bit 


00 : P3./A-D1 pin 
01 : P3./A-D2 pin 
10 + P64/A-D3 
11 : P6s/A-D4 





Comparator control 





The data is compared by setting the direction register cor- 
responding to port P35, P3.g, P64 and P6; to “0” (port P3s, 
P3., P6, and P6, enters the input mode), to allow port P3./ 
A-D1, P3g/A-D2, P6,/A-D3 and P6;/A-D4 to be used as the 
analog input pin. The digital value corresponding to the in- 
ternal analog voltage to be compared is then written in the 
A-D control register, bit 0 to 3 and an analog input pin is 
selected. After 20 machine cycle, the voltage comparison 
starts. 


A-D control 
register 


OTT 
[avefens | a2] oxi] oxo 


\ 


Switch tree 


Ladder resistor 


Table 3. Relationship between the contents of A-D 
control register and internal analog voltage 


A-D control register 


=: ‘Internal analog voltage 
Bit 3 Bit 2 Bit 1 Bit 0 _ 
0 0 0. | 1/32 Voc 


3/32 Voc 
[ 5732 We 
7/82 Ves 
9/32 Voc 
11/32 Veo 
13/32 Voc 
15/32 Voc 
17/22 Vee 
19/32 Voc 
21/32 Voc 
23/32 Voc 
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Fig. 21 Structure of A-D control register 25/32 Vec 
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CRT DISPLAY FUNCTIONS 


(1) Outline of CRT Display Functions 

Table 4 outlines the CRT display functions of the 
M37202M3-XXXSP. The M37202M3-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 

Up to 94 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 22) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 


Table 4. Outline of CRT display functions 


Parameter Functions 


Number of display 
character 
Character 





24 characters 3 lines 






12X16 dots (See Figure 22) 
configuration 


[Kinds of character [94S 
Character size 4 size selectable 
15 (max ) 
















Color 








Fig. 22 CRT display character configuration 


Set the character to be displayed in display RAM. 

Set the display color by using the color register. 
Specify the color register in which the display color is 
set by using the display RAM. 

Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

Specify the horizontal position by using the horizontal 
position register. 

Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 23 shows the structure of the CRT display control 
register. Figure 24 shows a block diagram of the CRT dis- 
play control circuit. 


© 0890 


© © 


7 0 
rT ot tf tt fy) CRT control register 
(Address 00EA.) 
Display of all blocks control bit (Note 1) 
0 : Display of all blocks off 
1 : Display of all blocks on 


Display of biock 1 control bit 
0 : Display of block 1 off 
1 : Display of block 1 on 


Display of block 2 control bit 
0 : Display of block 2 off 
1 : Display of block 2 on 


Display of block 3 control bit 
0 : Display of block 3 off 
1 : Display of block 3 on 


Block 1 color select mode switch bit 
0 : Normal mode 
1 : Half character width color 
select mode 


Clock for display stop bit 
0 : Stop 
1 : Oscillation enable 


Scanning line double count mode bit 
0 : Normal mode (256 lines) 
1 : Double count mode 


Test bit : This bit must be set to “0” 


: Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit. 

Fig. 23 Structure of CRT control register 
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OSC1 OSC2 Hsync Vsync 
C) eS Oa @, 


(Address O0EAj.) 





CRT control register 


Clock generating 


circuit 

























(Addresses 00E11.¢ to 00E3,,) 


Vertical position register 


(Address 00E4,,) 






Character size register 
Display position control circuit 





(Address 00E0,,) 


Horizontal position register 


(Address 00E5,.) 


Border register 










Display control 





circuit 


RAM for display 
11-bit X24X1 
+ 9-bit X24X2 


TT ROM for display 


12-bit X16X94 





(Addresses O0E6;, 
to 00E9;,) 


Color register 


(Address 00EC,,) 


CRT port control register 


Data bus 


O) ) ©) © © 
R G B 


Fig. 24 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a “block.” There are three blocks, block 1 to block 3. Horizontal position register 
Up to 24 characters can be displayed in one block. (See (Address 00£016) 

(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 27), a block of the smaller block 
No. (1~3) is displayed. 

If one block has displayed, some other block is later dis- 
played at the same display position ((c) in Figure 27), the 
former block is overridden and the latter is displayed. 

The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00:5,~ 7Fi¢ to bits 0~6 in the vertical position 
register (addresses 00E1,,~00E3,,). Figure 25 shows the 
structure of the vertical position register. 


The horizontal display start position 
64-step positions (0015 to 3F;,) 





Fig. 26 Structure of horizontal position register 


Vertical position register 
Vertical position register 1 
> CV; (Address 00E1,,) 
Vertical position register 2 
> CV2 (Address 00E2,.) 


Vertical position register 3 
: CV; (Address 00E3,,¢) 


The vertical display start position 
128-step positions (001, to 7Fy¢) 





Fig. 25 Structure of vertical position registers 


The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc= oscillation cycle for display) by setting values 00,,.~ 
3Fi¢ to bits O~5 in the horizontal position register (address 
O0E0,,) . Figure 26 shows the structure of the horizontal 
position register. 
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Block 1 


Block 2 
Block 3 


(a) Example when each block Is separated 








(b) Example when the display start position of a block overlaps with some other block 


Block 1 


Block 3 


(c) Example when one block has displayed some other block 1s superimposed later 





Fig. 27 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4,,) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 28 
shows the structure of the character size register. 

The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line} X (1 Tc]; the 
medium size consists of [two scanning lines) X (2 Tc); the 
large size consists of {three scanning lines) X (3 Tc]; and 
the extra large size consists of [four scanning lines) X [4 
Tc). Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 


7 0 
Character size register 
(Address 00E4,.¢) 
Block 1 character size selection bit 
00 : Small size Extra large 
01 : Medium size 
10 : Large size 
11 : Extra large size 
Block 2 character size selection bit 
00 : Small size 
01 > Medium size 
10 : Large size Display start position 
11 : Extra large size ; ane ; 
pa . Fig. 29 Display start position of each character size 
Block 3 character size selection bit (horizontal direction) 
00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 


OUT pin output selection bit (Note) 
0 : OUT signal output 
1: MUTE signal output 
Note : See “(10) CRT Output Pin Control” 





Fig. 28 Structure of character size register 


Table 5. The relationship between the set values of the character size register and the character sizes 


Set values of the character size register Width (horizontal) direction Height (vertical) direction 
size T 


c - Acycle of display oscillation (Scanning lines) 








Large 3 To 
Extra large 4 To 











| To 
| Medium | 2 To 2 
3 


Note : The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common to 
all blocks even when the character size varies with each block (See Figure 29) 
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(4) Display Memory 

There are two types of display memory: CRT display ROM 
(addresses 3000, to 35DFi¢, 37E0;¢ to 3DDFi,¢, and 3FE0,,¢ 
to 3FFF,,) used to store character dot data (masked) and 
display RAM (addresses 2000, to 20D7,,) used to specify 
‘the colors of characters to be displayed. The following de- 
scribes each type of display memory. 

@ ROM for CRT display (addresses 3000;¢ to 35DFig, 
37E01¢ to 3DDFy,¢, and 3FE0;, to 3FFF,¢) 

The CRT display ROM contains dot pattern data for charac- 
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis- 
play ROM) into the CRT display RAM. 

The CRT display ROM has a capacity of 3K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 96 kinds of characters. Actually, however, be- 
cause two characters are required for test pattern use, the 
ROM can contain up to 94 kinds of characters for display 
use. 

The CRT display ROM space is broadly divided into two 
areas. The [vertical 16 dots) X (horizontal (left side) 8 
dots) data of display characters are stored in addresses 
3000,¢ to 35DF;5 and 37E0,, to 37FFis; the (vertical 16 
dots) X [horizontal (right side) 4 dots) data of display char- 
acters are stored in addresses 3800;, to 3DDFig and 
3FE0i¢ to 3FFFi¢. (See Figure 30) Note however that the 
four upper bits in the data to be written to addresses 
3800,, to 3DDF;, and 3FE0,;, to 3FFF,, must be set to “1” 
(by writing data F0,, to FFy.). 

The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 

Assume that data for one character is stored at addresses 
3XX0i6 to 3XXFig (XX denotes 0016 to 5Di6, 7Ey6, or 7Fi6) 
and 3YY0,_ to 3YYFig (YY denotes 80;¢ to DDj¢, FE;6, or 
FF,,), then the character code for it is “XX1,”. 

In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) addresses (3000;, to 35DFi, and 37E0;, to 
37FF,¢) where data for that character is stored. 

Table 6 lists the character codes 





Table 6. Character.code list 


Contained up addréss of character data 
Character code 
Left 8 dots lines Right 4 dots lines 
































* : For test pattern 
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Fig. 30 Display character stored area 
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@ CRT display RAM (2000;, to 20D7;,) 

The CRT display RAM is allocated at addresses 2000;, to 
20D7;.6, and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 

When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000,, and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080,,¢. The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
31. Write the character patterns at Table 8 and 9, when 
M37202M3-XXXSP is mask-ordered. 


Table 7. The contents of the CRT display RAM 


Display position (from left) Character code specification Color specification 
1st column 200016 208016 
2nd column 200116 208146 
3rd column 2002:16 208216 




















Block 1 : : : 
22th column 201546 209516 
23th column ° 201616 209616 
24th column 201746 209716 


201816 209816 
Not used to to 

















201 Fig 209F is 
1st column 202016 ‘ 20A016 


Srd column 202216 20A216 




















Block 2 : : ; 
22th column 203516 20B5i6 


203616 20B6 16 
24th column 20B716 

20B8i16 

Not used to 

20BFi¢ 
1st column 20C0i¢ 
2nd column 20C1igs 
3rd column 20C2i¢ 





























Block 3 : : 
22th column 20D5416 
23th column 20D646 
24th column 20D7i6 














Not used 
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Block 1 
(Character specification) 
0 
1st column : 20001, i 
to 
24th column : 20174, 
Character code 
Specify 94 characters at 00,6 to 5Di¢ 
(Color specification) 
3 0 
1st column : 20801. 
to 
24th column : 209716 
Former half color register specification 
in the normal mode or in the half character 
width color select mode 
00 : Color register 0 specification 
O01 : Color register 1 specification 
10 : Color register 2 specification 
11 ; Color register 3 specification 
Latter half color register spe ification 
in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 
Block 2, 3 
(Character specification) : 
1st column : 20201, 
to 
24th column : 2037;. 
Character code 
(Address 204016 to 20571, in the case of block 3) Specify 94 characters at 00, to 5Di, 
(Color specification) : 
0 


1st column : 20A016 
to 


24th column : 20B716 


Color register specification 


in th lock 
(Address 20C04¢ to 20D74¢ in the case of block 3) 00: SGilontegisieia koestieatiGn 


01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


Fig. 31 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 


[—~nacress [bata —aaress ‘|_| 
are. | 40,0 [SFE | FOne 
ee a 
2 
[a7E5ie | 00.6 | 9FESn «| Fae 


3FE8i6 F016 
3FE9,, FOi6 


3FEAi6 F816 
3FEBi6 FOi6 


(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
CO3: addresses 00E6,¢ to 00E9,,) and then specifying that 
color register with the CRT display RAM. 

There are four color outputs: R, G, B, and |. By using a 
combination of these outputs, it is possible to set 2*-1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and | outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 



































3FECi6 FOi6 character output or blank output. Figure 32 shows the struc- 
3FED4.6 F4j6 ture of the color register. 
SFEEi6 FOi6 








3FEF 16 F016 





Color register 


Color register 0 : COO (Address 00E6,,) 
Color register 1 : CO1 (Address 00E7,¢) 
Color register 2 : CO2 (Address 00E8,¢) 
Color register 3 : CO3 (Address 00E9,g) 
















across [aa 






37Fli¢g 0016 


| S7FS16 | O16 | 
| 876s | Ore | 





| pin output bit 
0 : No character is output 
1 : Character is output 





























37F 716 0016 || 3FF716 F016 B pin output bit 
37F 816 SFF8i¢ FOi6 0 : No character is output 






37F916 0016 SFFQ16 FOi6 
37FAi6 0016 SFFAi6 


] : Character is output 








G pin output bit 
Q : No character is output 
1 : Character 1s output 


























R pin output bit 
0 : No character ts output 
1 : Character ts output 





|__________ QUT pin output bit (Note) 
0 ‘ Nocharacter or blank is output 
1 : Character or blank is output 


OUT pin output control bit (Note) 
0 : OUT pin outputs character 
1 : OUT pin outputs blank 


When the character outlining function is used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 





Fig. 32 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting “1” to bit 4 in the CRT control register (address 
OOEA;.¢) it is possible to specify colors in units of a half 
character size (vertical 16 dots Xhorizontal 6 dots) for char- 
acters in block 1 only. 

in the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 


Color of the color register 
specified by bit 0 and bit 1 
of address 20801, 


(a) Display in the normal mode 


Color of the color register 
specified by bit 2 and bit 3 
of address 2080,, 


Color of the color register 
specified by bit 0 and bit 1 
of address 2080,., 


(b) Display in the half character width color select mode 


Color of the color register 
specified by bit 0 and bit 1 





The left half‘of the character is set to the color of the col- 
or register that is specified by bits OQ and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 2080,¢ to 2097;,). 

@The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 2080;¢ to 2097;,). 


Color of the color register 
specified by bit 0 and bit 1 
of address 20814. 


Block 1 


Color of the color register 
specified by bit 2 and bit 3 
of address 2081,. 


Block 1 
of address 20811, 


Fig. 33 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37202M3-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different hori- 
zontal positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 

The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to “QO” and set- 
ting the CRT interrupt enable bit=bit 4 at address OOFE;.) 
to “1”), then execute the following processing in the CRT 
interrupt handling routine. 


(Read the value of the display block counter. 

@The block for which display is terminated (i.e., the cause 
of CRT interrupt generation) can be determined by the 
value read in (. 

@ Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be displayed 
next. 

Figure 34 shows the structure of the display block counter. 


Display block counter 
(address 00EB;,) 


Indicates number of blocks that are 
being! displayed or were displayed 





Fig. 34 Structure of display block counter 


Count value interrupt 


position 


Block 1 
Block 2 


Block 3 
Block 1’ 





Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 128 steps from 00;,¢ to 7F., or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 64 from 00, to 3Fi., or eight scanning lines 
per step. 


Vertical position A 


ie t Scanning line 16 lines 


(a) Display in the normal mode 





If the contents of the vertical position register for a block 


are set in the address range of 40;, to 7Fi, in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
OOEA;,) to “1”. 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 

In the scanning line double count mode, the character bor- 
der function (explain in (9) )cannot be used. 


Vertical position AX2 


Scanning line 32 lines 


(b) Display in the scanning line double count mode 


Fig. 36 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function Border can be specified in units of block by using the bor- 
An border of a one clock (one dot) equivalent size can be der select register (address 00E5,¢). Table 10 shows the 
added to a character to be displayed in both horizontal and relationship between the values set in the border select 
vertical directions. However, the border is not displayed register and the character border function. Figure 38 shows 
over the 1st line and under the 16th line. the structure of the border select register. 


The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 


Table 10. The relationship between the value set in the border selection register and the character border function 


Border selection register 
Functions Example of output 
MDn1 MDn0O 


R, G, B, | output anes a aa 
OUT output ree (ap ee 
R, G, B, | output a 
OUT output aly Ne 
R, G, B, | output pee ie Ree 
OUT output 
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ey 
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WY V/s 
Me | es _ 
T7 7 CILVVy 
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Border not including character 








0 





Border selection register 
(Address 00E5;¢) 
Block 1 OUT output border selection bit 
0 : The same as R, G, B Is output 
1 : Border ts output 










Block 1 output switch bit 
0 : Border including character 
1 ‘| Border only 









Block 2 OUT output border selection bit 
0 : The same as R, G, B !s output 
1 : Border is output 





Block 2 output switch bit 
0 : Border including character 


| 1 : Border only 
Block 3 OUT output border selection bit 





























0 : The same as R, G, B Is output 
1 : Border ts output 












YW v 


mmm 






Block 3 output switch bit 
0 : Border including character 
1 : Border only 





is border 
Mis display by character data \ Fig. 38 Structure of border selection register 


' Fig. 37 Example of border 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, |, and OUT are respectively 
shared with port P5., P53, P5,, P55, and P5g. When the cor- 
responding bits in the port P5 direction register are cleared 
to “0”, the pins are set for CRT output; when the bits are 
set to “1”, the pins function as port P5 (general-purpose 
output pins). 

The polarities of CRT outputs (R, G, B, |, and OUT, as well 
as Hsync and Vsync) can be specified by using the CRT 
port control register (address 00EC,,). 

Use bits 0 to 4 in the CRT port control register to set the 
output polarities of Hsync, Vsvnc, R/G/B, |, and OUT. When 
these bits are cleared to “O”, a positive polarity is selected; 
when the bits are set to “1”, a negative polarity is selected. 
R, G, B, and OUT signal output can be swiched to MUTE 
signal output. MUTE signal can color all displaying area of 
CRT. 

The following is the expiane of MUTE signal at MUTE sig- 
nal output from B output pin for example (refer to Figure 
40). 

When the MUTE signal is output from B output pin, the all 
displaying area of CRT is colored blue. Then, a character 
data is output from R output pin, for example. If B output pin 
and R output pin are set to “Character is output” by color 
register at the character “I” output, the output character is 
colored “RED” mixed “BLUE”. In this case, OUT pin output 
is not influenced. 

At the character “O” output, if only R output pin is set to 
“Character is output”, the output character is colored “RED” 
only that is not mixed “BLUE”. 

However at above case, the OUT output pin is necessary to 
set “Character is output”. 

The display screen can be also clear by setting the OUT 
pin to MUTE output. In this case, the MUTE signal is output 
from OUT pin, that is not influence the setting about OUT 
pin. 

R, G, and B output signals are controlled by bits 5 to 7 of 
CRT port control register, and OUT output signal is control- 
led by bit 7 (CS,) of character size register. Then, | output 
pin don't have MUTE output function. 


7 0 
| | | ft ft {| |] CRT port control register 


(address 00EC,,) 








Hsync input polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 







Vsync input polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 







R/G/B output polarity selection bit 
0 : Positive polarity 
1 2 Negative polarity 







| output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 






OUT output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 






R pin output selection bit 
0 : R signal output 
1 : MUTE signal output 







G pin output selection bit 
0 : G signal output 
1 : MUTE signal output 







B pin output selection bit 
0 : B signal output 
1 : MUTE signal output 







Fig. 39 Structure of CRT port control register 
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Fig. 40 MUTE signal output example 
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INTERRUPT INTERVAL DETERMINATION 

FUNCTION 

The M37202M3-XXXSP incorporates an interrupt interval 

determination circuit. This interrupt interval determination 

circuit has an 8-bit binary counter as shown in Figure 41. 

Using this counter, it determines a duration of time from the 

rising transition (falling transition) of an input signal pulse 

on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 

The following describes how the interrupt interval is deter- 

mined. 

1. The interrupt input to be determined (INT1 input or 
INT2 input) is selected by using bit 2 in the interrupt 
interval determination control register (address 
00D81¢). When this bit is cleared to “0”, the INT1 input 
is selected; when the bit is set to “1”, the INT2 input is 
selected. 

2. When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to “0”, determination is 
made of the interval of a positive polarity (rising 





transition); when the bit is set to “1”, determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to “O”, a 64us clock is selected; when 
the bit is set to “1”, a 32us clock is selected (based on 
an oscillation frequency of 4MHz-in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64us or 32 
MS). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7,,) and the counter is im- 
mediately reset (00,,). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from “004,” 

When count value “FE;,” is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
“FF,” to the determination register. 


Control 
Circuit 8-bit binary up counter 
RE, 


interrupt interval determination circuit 


Fig. 41. Block diagram of interrupt interval determination circuit 





Address 00D7i.¢ 


Data bus 
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interrupt interval determination control register : RE 
(Address 00D8,.) 


Remote control determination circuit operation bit 
0 : Operation stop 
1 : Operation start 


Standard clock selection bit 
0 : 64s (At f(Xiy) =4MHz) 
1 : 32us (At f(Xiy) =4MHz) 


External interrupt input pin selection bit 
0 : INT1 
1 2 INT2 


INT1 pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 


INT2 pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 





Fig. 42 Structure of interrupt interval determination control register 
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RESET CIRCUIT 

The M37202M3-XXXSP is reset according to the sequence 
shown in Figure 45. It starts the program from the address 
formed by using the content of address FFFF,., as the high 
order address and the content of the address FFFE,. as the 
low order address, when the RESET pin is held at “L” level 
for no less than 2us while the power voltage is 5V+ 10% 


Address 





Port PO direction register (00C146)-- 





Port P1 direction register (00C3i6) - 








Port P2 direction register (00C 56) - 





Port P3 direction register (0 0C7 4.6) 











Port P4 direction register (0 OC 946) 








Port P5 direction register (0 0C Bie): 








Port P6 direction register (0 0 CDi4¢) 








PWM output control register? (0 0 D 5 4g) 











PWM output control register2 (0 0D 646) - 





Interrupt interval 


determination control register (0.0 D Bie) © 

















Special mode register 1 (0 ODAi¢) : 








Special mode register 2 (0 0D Byg) 








Serial |/O mode register (00D Ej.) 








Horizontal position register (0 0 E 0i¢):° 








Character size register (0 0 E 44.)- 








Color register 0 (O0E 6i6) - 











Color register 1 (O0E 746) - 











Color register 2 (0 0 E Big): 














Color register 3 (0 0 E 946): 








CRT control register (O0E Aig) - 




















Display block counter (0 0E Bye) 








CRT port control register 0 E Cig) 








A-D control register (0 0 E Fig): 

















Timer 1 (O0F O06) - 








Timer 2 (0 0F 1g): - 








Timer 3 (0 0 F 246) 








Timer 4 (0 0 F 346): 








Timer 12 mode register (0 0 F 446) 








Timer 34 mode register (0 0 F 54) 











CPU mode register (00 F Big) : 
interrupt request register 1 (0 0 F Ci) 


Interrupt request register 2 (0 0 F Dig) 








Interrupt control register 1 (0 0 F E46) 








- Interrupt control register 2. (0 0 F F 46) 





























Processor status register (PS) 1 








Contents of address 
Program counter (PCy) FFFFi¢ 








| Contents of address 
FFFEi16 








(PC,) 





. Since the contents of both registers other than those listed 
above and the RAM are undefined at reset, it is necessary to 
set initial values 
At reset, “O” is read from all bits which ts not used 





Fig. 43 Internal state of microcomputer at reset 


and the crystal oscillator oscillation is stable and then re- 
turned to “H” level. The internal initializations following re- 
set are shown in Figure 43. 

An example of the reset circuit is shown in Figure 44. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


Supply voltage OV 


Reset input 
voltage OV 


M37202M3-XXXSP 





Fig. 44 Example of reset circuit 
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f(Xin) 


RESET 
Internal RESET 


SYNC 


Address CX? X or. SXO1S-IK01.S-2XFFFE XFFFEX AB") 
a CK? Kru XK PK PS KAD. KAD: ) 


Reset address from the vector table 


32768 count of f(Xiy) (Note 3) 
Note 1 : Frequency relation of f(Xin) and ¢is f(Xjpy)=2° ¢ 
2 : The mark “?” means that the address is change- 
able depending on the previous state 
3 : Immediately after a reset, FFi_ is automatically set 
in timer 3 and 07;, in timer 4 and timer 4, timer 3 
and the clock (f(Xiy) divided by 16) are con- 
nected in series 
Reset state is canceled by the overflow signal of 
timer 4 





Fig. 45 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit |1/O port with CMOS output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00CO0j¢. 
Port PO has a directional register (address 00C1,,) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 
(bit O and bit 1 at address OOFB,,), three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 

In these modes it functions as address (A; to Ao) out- 
put port (excluding single-chip mode). For more de- 
tails, see the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (Ays to 
Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (Dy to D-) 
input/output port. Refer to the section on processor 
modes for details. 

Port P3 

Port P3 is an 7-bit 1/O port with function similar to port 
PO, but the output structure of P3p, P3, is CMOS output 
and P3, to P3., is N-channel open drain. 

P32, P33 are in common with the external clock input 
pins of timer 2 and 3. 

P3,, P3, are in common with the external interrupt input 
pins INT1, INT2 and P3,, P38. with the analog input pins 
of A-D converter A-D1, A-D2. 

In the microprocessor mode or the memory expanding 
mode, P39, P3, works as R/W signal output pin and 
SYNC signal output pin. 


ELECTRIC 


(5) 


Port P4 

Port P4 is an 8-bit 1/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial I/O function is selected, P4, to P4, work as in- 
put/output pins of serial |/O. 

In the special serial |1/O mode, P4,, P4; work as SDA, 
SCL pins. 

OSC1, OSC2 pins 

Clock input/output pins for CRT display function. 

Hsynec, Vsync Pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync iS a vertical synchronizing signal input pin for 
CRT display. 

R, G, B, |, OUT pins 

This is an 5-bit output pin for CRT display and in com- 
mon with P5. to P5g¢. 

Port P6 

Port P6 is an 8-bit |/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

P6 to P63 are in common with 8-bit PWM output pin 
PWMO0 to PWM3. 

D-A pin 

This is a 14-bit PWM output pin. 

¢ pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the Xj and Xour pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going “H”. 
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Port PO, P1, P2, P3o, P3; 





i CMOS tri-state output 


Ce Direction register - 
ae Port latch = 


> 
4 






( ) Port PO, P1, P2, P89, P3, 





Data bus 









Port P3. to P35, P4,, P4., P64, P65 


re Direction register a 
at Port latch = 


Ria F 


N-channel open drain output 






( ) Port P3, to P3¢, P44, P4s, P6,, PGs 


Note : P32, P33 may also be used as 
timer inputs 
P3,, P3g may also be used as 
external interrupt inputs 
P35, P3., P64, P65 may also be 
used as input pins for A-D converter 
P4,, P4s may also be used as 
serial |/O pins 


Data bus 








Port P4, to P43, P4¢, P47, P6y to N-channel open drain output 


P63, P6,, P6, i? Direction register - i O 
and Port latch = 


Raa s 


4 







() Port Pd to P4g, P4g, P47, P6y to 
P63, P6s, P67 
Note : P6> to P63 may also be used as 
8-bit PWM output pins 
P4,, P4, may also be used as 
serial I/O pins 





Data bus 






Hsync; Vsync Schmitt input _ D-A, ¢, R, G, B, I, OUT 


CMOS output 
Data bus Hsync, Vsync 


D-A, ¢, R, G, B, |, OUT 


Note : R, G, B, I, OUT, may also be 
used as port P5, to P5g 


Fig. 46 Block diagram of port PO to P6, Hsync, Vsync (single-chip mode) and output format of D-A, ¢, R, G, B, | OUT 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFB,,), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports PO to P3 can be used as address, and data in- 
put/output pins. 

Figure 48 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is shown in Fi- 
gure 1 and for other modes, in Figure 47. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Veco automatically forces the 
microcomputer into microprocessor mode. 

The three different modes are explained as follows: 


Internal ROM 


0140,¢ KS XN 


Internal RAM Internal RAM 


Special fine en 
registers 


Internal RAM 


01004, 
Special fenet an 
00C0;¢ registers 


Internal RAM 
0000.6 


Memory expansion 
mode 


Microprocessor mode 


The shaded area 1s external memory area 


Fig. 47 Example memory area in processor mode 





(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO to P3 will work as original I/O 
ports. 

(2) Memory expansion mode (01) 
When CNVsg is connected to Vsg and the processor 
mode bits are set to “01”, the microcomputer will auto- 
matically default to this mode. This mode is used to 
add external memory when the internal memory is not 
sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original |/O pin function is lost. 
Port P2 becomes the data bus of D7 to Do (including 
instruction code) and loses its normal !/O function Port 
P3, and P3, works as R/W and SYNC. 

(3) Microprocessor mode [10) 
The microcomputer will be placed in the microp- 
rocessor mode after connecting CNVszg to Vcc or initiat- 
ing a reset or connecting CNVszs to Vsg and the proces- 
sor mode bits are set to “10”. In this mode, the internal 
ROM is inhibited so the external memory is required 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVsg and the processor mode is shown in Table 11. 


Note : Use the M37202M3-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 
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Single-chip Memory expansion Microprocessor 
mode mode mode 


pour Ports PO, to POp Ports PO; to POp sane.es ent 
Address 

Port P1 Ports P17 to P1g Ports P17 to P1y Same as left 
Address 

| X_vo pe 

' Port P2 Ports P27 to P2, Ports P27 to P2) Same as left 
: Data 
a }----{ Ba) 


Ports P3, to P3. Ports P3, to P3. 
X 1/O port 1/O port 
Port P3 Same as left 
Port P3, Port P3, 
X I/O port SYNC 
Port P3p Port P3, 
1/O port R/W 


Fig. 48 Processor mode and function of ports PO to P3 


Table 11. Relationship between CNVsgzg pin input level and processor mode 


Explanation 
* Single-chip mode The single-chip mode is set by the reset All modes can be selected by changing the pro- 





¢ Memory expansion mode | cessor mode bit with the program. 
¢ Microprocessor mode 


The microprocessor mode is set by the reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
51. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, timer 3 and 
timer 4 are connected automatically and FFi, is set in the 
timer 3, 071, is set in the timer 4, and timer 3 count source 
is forced to f(Xiy) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section 

The oscillator is restarted when an interrupt is accepted. 
However, the clock ¢ keeps its “H” level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. : 
To return from the stop or the wait status, the Interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 49. 


Interrupt request 


interrupt 
disable flag | 


STP instruction 





ee 


P33/TIM3 


Fig. 51 Block diagram of clock generating circuit 





WIT 
instruction 





The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 50 
Xin is the input, and Xoyz is open. 


M37202M3-XXXSP 


Xout 


Fig. 49 External ceramic resonator circuit 


M37202M3-XXXSP 
XIN 


External oscillating 
circuit 





STP instruction 





Ae teRe 
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PROGRAMMING NOTES 


(1) 
(2) 


The frequency ratio of the timer is 1/(n+1). 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

An NOP instruction must be used after the execution of 
a PLP insturction. 


DATA REQUIRED FOR MASK ORDERING 


Piease send the following data for mask orders. 


(1) 
(2) 
(3) 


mask ROM order confirmation form 
mark specification form 
ROM data ©. 00-08-0806 o'er’ ee ee EPROM 3 sets 





(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.1uF) directly between the Voc pin and 
Vssg pin using a heavy wire. 
ooKe ae : 
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ABSOLUTE MAXIMUM RATINGS 





Ratings du 







































































Input voltage CNVss 
Input voltage PQ -P07, P19-P17, P29-P27, 
Vi P39-P3g, P4p-P47, P6o-P6z, —0.3 to Voc+0. 3 V 
Hsync, Vsync, RESET With respect to Vsgs 
La Output voltage P4 -P43, P4—, P47, P69-P6s, Output transistors are at “off” state ve 
—0.3 to 13 V 
Vo P65, P67 
Output voltage PO -P07, P19-P17, P29-P27, 
Vo P3o-P36, P44, P45, P64, P65, —0.3 to Vec+0. 3 V 
R, G, B, l, OUT, D-A, Xout, OSC2 
Circuit voltage R, G, B, |, OUT, PO9-P0,, 
low Pio-P17, P2o-P2;, 0 to 1(Note 1) mA 
P39, P3,, D-A 
Circuit voltage R, G, B, |, OUT, PQo-P0,, 
lous P19-P17, P2o-P2s, 0 to 2( Note 2) 
P39-P3,, P64, P6s, D-A 
Circuit voltage P4p-P4s, P4e, P47, P6y-P6s, PGs, P67 





Creu voltage Pas, Pa oto Note 2) 
Topr | Operaing temperature en 











Tsto Storage temperature —40 to 125 








RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—10 to 70°C unless otherwise noted) 


Parameter 


Supply voltage(Note 4) During the CPU and CRT operation 
Vss Supply voltage 
“H” input voltage PQ 9-P07, P19-P17, P2o-P27, 
P39-P3., P40-P43, P46, P47, 
P6q-P67, Hsync, Vsync, RESET, 


Vin 


Xin, OSC1 
“H” input voltage P4,, P45 
“L” input voltage PO 9-P07, P19-P17, P29-P27, 
P39, P31, P35, P49-P4s, P47, P64, P65 
“L” input voltage P32-P34, P3.e, P4g, Hsync, Vsyne; 
RESET, Xin, OSC1 
“L” input voltage P44, P45 


P1o-P17, P2o-P27, P3o, P3; 
“L” average output current (Note 2) R,G,B,l,OUT,P09-P0;, 
P2o-P23, P8-P3¢, P64, P65, D-A 
las “L” average output current (Note 2) P49-P43, P4., P4z, 
ee | P6o9-P63, P6g, P67 


“L” average output current (Note 3) P2,-P27 
“L” average output current (Note 2) P4y, P45 


Oscillating frequency (for CPU operation) (Note 5) 


Oscillating frequency (for CRT display) 
input frequency P32-P3,4, P3.g, P4s (Scix) 























Input frequency P45 (Scix) 


Note 1 : The total current that flows out of the IC should be 20mA (max ) 
2 : The total of louy, lore and lors should be 30mA (max ) 
3 : The total current of port P2,-P27 should be 20mA (max ) 
4 : Apply 0.022.F or greater capacitance externally between the Voc—Vsg power supply pins so as 
to reduce power source noise 
Also apply 0. 068uF or greater capacitance externally between the Vcc—CNVsgg pins 
5 : Use a quartz crystal oscillator or a ceramic resonator for CPU oscillation circuit 
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ELECTRIC CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=—10 to 70, (Xin) =4MHz unless other wise noted) 


Parameter Test conditions 
ramet fetes | Typ | Max_| 


Voc=5. 5V, (Xin) =4MHz 
CRT OFF 


Supply current Voc=5. 5V, (Xin) =4MHz 
CRT ON 


At stop mode 300 
“H” output voltage PO -P07, P19-P17, P29-P27, Voc=4. 5V 24 y 
P39, P3;, R, G, B, |, OUT » | lon=—0. 5mA : 
“L” output voltage PO -P07, P19-P17, P29-P23, 
p g o- P07 o-P 17 o-P23 Voc=4. 5V 


P39-P35, P64, P65, ¢, 
Ce ee ce ye lo. =0. 5mA 
R, G, B, |, OUT, D-A 











“L” output voltage P4o-P43, P46, P4z, Vec=4. 5V 
P69-P63, P6s, P67 lo_=0. 5mMA 


“L” output voltage P2,-P27 Voc=4. 5V 
loL=1 OmA 











“L” output voltage P44, P45 





Hysteresis RESET Voc=5. OV 
Hysteresis (Note 1) Hsync, Vsync, P32-P3,, 
P35, P44-P 45 


“H” input leak current RESET, PQ -P07, P1o-P17, 
“H” input leak current P49-P43, P4g, P4z, Voc=5. 5V 


“L” input leak current RESET, PQ9-P07, 


P19-P17, P29-P27, P3o-P36, 
P49-P47, P69-P67 




















Note 1. P3.-P3,4, P3g have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P4,-P4, have the hysteresis when these pins are used as serial |/O ports 
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DESCRIPTION 

The M37204M8-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for the high-tech channel selection sys- 
tem for TVs. 

In addition to their simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

Its screen display function enables it to display channel 


PIN CONFIGURATION (TOP VIEW) 


AD4/P7,/OSC1 — 
AD5/P7,/OSC2 
P36/INT2/AD2 + 
P3,/AD1 + [4| 
P3,/INT1 +> [5] 
AD3/D-A ++ [6] 
P6o/PWMO «> 
P6,/PWM1 + [8] 


64] — Voc 

163] — Hsync 

62} — Vsync 

61} —> R/P5, 

160] — G/P53 

59] —> B/P5,4 

58] —> 1/P5</TIM1 
—> OUT/P5, 





number and time as well. P62/PWN2 <> [3] 56] +> PO, 
P6,/PWM3 + [i0] 55] +> PO, 
FEATURES ha eae, 
ad ; 6;/PWM5 + [12 53] +> PO, 
Se ee P6,/PWM6 + z > PO, 
P6,/PWM7 — [14] S Bi] +> POs 
RAM ceeccectceccr eet eee tes eec ees eeeeenes 512 bytes P3,/TIM3 + Sy St] +> PO; 
@ Instruction execution time AD6/P3,/TIM2 ++ [16 = 5] +> PO, 
bi waege 1s (minimum instructions at 4MHz frequency) P3, + @ 48] > P1, 
@ Single power SUD Ply “ernest atse reer ena eaeetnazew ease 5V+10% P35 > 2 > PI, 
@ Power dissipation | P47/Spoy2/PWMB + [19 7 46] +> P1, 
normal operation mode (at 4MHz frequency) P46/Sin2/PWM9 +> 0 +> Pl, 
Ly - Hetserewnareatetus sees 110mMW (Vogo=5.5V, CRT display) P4s/Scik2 44] <> P1, 
@ Subroutine nesting «ss 96 levels (maximum) Eval Soute vane 
AD7/P43/Srpv1 +> PI, 
@ Interrupt Srrrrerrrrrerrrrerr rr riers rrr Sere ee er 13types, 18vectors AD8/P45/Swy; om Gl ey Pt, 
@ B-bit timer ccc rete eee ene rene 4 P4,/Souxi + A] <> P2, 
@ Programmable I/O ports P4o/Sours > [26 > P2, 
(Ports PO, P1, P2, P3, P4, P6) creer erties 47 CNVss > <> P2, 
@ Output port (Port =) 6) RR 5 ee es +> P2, 
@ Serial 1/O (8-bit) --::-ceecceeeceeeteee tees tees tees este eae 2 RESET — [29| +> P2, 
@ PWM function cercccrecrrceeec eect eee reeeeeee een eereeees 14-bitX 1 Xin +> P25 
8-bitX10 moun ee 
@ A-D converter (6-bit resolution) ---:--+-+-+-++7+" 8 channels ee, ard 
@® CRT display function ‘ 
Display characters::::::*::*:**+*-*: 24 characters X3 lines Outline 64P4B 
(16 lines maximum) 
Kinds of character types sss rst 254 kinds 
Dot SIFUCTUTE cooccee etter etter eee es 12X16 dots 
Character size Torrerrererrrrrrrr rrr errr rr re eer ee ee ee a 4 Kinds 
Kinds of color -:+-+-7++-- Maximum 15 kinds (R, G, B, !) 
Character unit/border/laster can be specified 
Display layout 
Horizontal ee er i ee 64 levels 
Vertical ee eee ee 128 levels 
APPLICATION 
TV 
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Clock Clock Timing Reset 
input output output input 
Xin Xout d RESET Voc Vss CNVss OSC2 OSC1 Vsynco Hsync OUT RGB I 


TS —@)—-—@-—@--—-—- -@ -O)-—-@-—-@)- 
Data bus oy em aR See 


Timer count source = 
selection circuit 























CRT 
circuit 
ROM 
Program counter Program counter 
. 32768 bytes 
Clock generating circuit PC,,(8) PC, (8) 
Instruction 
register 
Address bus 
Instruction 
8-bit decoder 





Arithmetic % i Processor 
ang iogical Soren elas Index register Index register Stack pointer 
unit A (8) register (a) 
PS (8) x(8) Y S(8) 


a 


Remote control 
_ 1 
circuit 
D-A 
converter 
S| 2 iz if 


iB 
O8--—O-- dacadadadadhdacs 


port P3 Output port D-A 1/0 port P4 1/O port P6 






| 
| 
| 
| 
| 
| 
| 
| 
-Control signal | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





I/O port PO I/O port P2 \/ 
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FUNCTIONS OF M37204M8-XXXSP 


Number of basic instructions NO ei as ee, Seat ie ee | 
Instruction execution time lus (minimum instructions, at 4MHz frequency) 
; 32768 bytes 
Memory size 
RAM 512 bytes 


PO, P1, P2 1/0 8-bitX3 


P30, P3; /O 2-bitX1 


| 
5-bitX1 (can be used as timer input pins, INT1, INT2 input pins and A-D 
P32—P3, VO . 
input pins) 
Input/Output ports 
a We 8-bit <1 (can be used as serial I/O function pins and PWM output pins 
and A-D input pins) 


5-bitX1 (can be used as R, G, B, I, OUT pins) 
/O 8-bitX1 (can be used as PWM output pins) 


Serial I/O 8-bitX2 (Special serial 1/O (8-bit) X1) 
Timers 8-bit timerx4 
Subroutine nesting 96levels (maximum ) 


Interrupt ; 
one software interrupt 
Clock generating circuit Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 
Supply voltage 5V+10% 
at CRT display ON 110mW (clock frequency Xiy=4MHz, Voc=5. 5V, Typ ) 
at CRT display OFF 55mW (clock frequency X;y=4MHz, Voc=5. 5V, Typ ) 
166m (Manu 
Input/Output voltage 12V (Ports P45, P47, P69— P67) 
Input/Output characteristics 
Output current 10mA (Ports P2,—P2,) 
Operating temperature range —10 to 70°C : 
CMOS silicon gate process 
M37204M8-XXXSP | 64-pin shrink plastic molded DIP 
Display characters 24 characters X3 lines (maximum 16 lines in program) 


Dot structure 12X16 dots 







' 

































Power dissipation 












Kinds of character types 254 kinds 
CRT display function 
Character size 4 kinds 
Kinds of color Maximum 15 kinds (R, G, B, |) 
Display layout Holizontal 64 levels 





Vertical 128 levels 





P i ELECTRIC 
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PIN DESCRIPTION 


Pin 


Vcc: 
Vss 


CNVss 


RESET 


Xout 


io” PO; 





Reset input 


Clock input 
Clock output 
Timing output Output 


1/0 port PO 


Input/ 
Output 


Functions 


Supply voitage 


Power supply inputs 5V+10% to Vcc, and OV to Vgs. 


This is connected to Vss 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions) 











If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xour pins If an external clock is used, the clock 
source should be connected the Xjy pin and the Xour pin should be left open 





This is the timing output pin 





Port PO is an 8-bit |/O port with direction register allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


1/O port P2 Svo | Port P2 is an 8-bit !/O port and has basically the same functions as port PO 


Oo P35 


P4)—P4, 


P69— P67 


OSC1, 


Osc2 


| Hoync | Home put | Input This is the horizontal synchronizing signal input for CRT display ; 


- : 
: 


a 






















Port P3 is a 7-bit |/O port and has basically the same functions as port PO, but the output structure of P3o, 
P3, is CMOS output and the output structure of P32—P3g, is N-channel open drain. 

P32, P33 are in common with external clock input pins of timer 2 and 3 P34, P3g are in common with exter- 
nal interrupt input pins INT1 and INT2 P32, P35, P3g are in common with analog input pins of A-D converter 
(A-D6, A-D1, A-D2). 





Port P4 is an 8-bit 1/O port and has basically the same functions as port PO, but the output structure ts 
N-channel open drain 

When serial 1/01 1s used,P49, P4;, P42 and P43 work as Sourtt, Sciki, Sint and Srpvi pins, respectively 
When serial I/O2 1s used, P44, P45, P4g and P47 work as Soute, Scike, Sina and Sapys pins, respectively 
When special serial |/O is used, P4, and P45 work as SDA and SCL pins, respectively Also P4¢, P47 are in 
common with PWM output pins of PWM 9 and PWM 8 P42, P43 are in common with analog input pins of 
A-D converter (A-D8, A-D7). 


Port P6 is an 8-bit |/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain This port is in common with PWM output pins PWM0O—PWM7 





Clock input for CRT 
display 


This is the !/O pins of the clock generating circuit for the CRT display function 

OSC1 and OSC2 pins are in common with analog input pins of A-D converter (A-D4, A-D5) 
Clock output for CRT, 
display 





| Verne | Vem input | Int | This 1s the vertical synchronizing signal input for CRT display 








CRT output a This is a 5-bit output pin for CRT display The output structure is CMOS output This is in common with port 
P52—P5¢ 


DA Output output | This is an output pin for 14-bit PWM, and in common with analog input pin of A-D converter (A-D3) 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37204 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: ° 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 





CPU Mode Register 

The CPU mode register is allocated to address OOFB,¢. Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 

Page 1 (addresses 0100,, to 01FF,,) is normally used as a 
stack area. The zero page (addresses 0000,,¢ to OOBF,.) 
can also be used by setting bit 2 of the CPU mode register 
(address O0FB,,) to “0”. 


CPU mode register (address O0FB;.) 


Processor mode bits 
0 0 : Single-chip mode 
1 = Memory expansion mode 
0 : Microprocessor mode 
1 : Disable 


1 
1 


Stack page selection bit 
0 : 0 page 
1:1 page 


System clock output selection bit (Note 1) 
0 : Stop (reset-out output) 
1: System clock output 


Note 1 : This bit is only valid in single-chip mode And It output the system clock at the other mode 


Fig. 1 Structure of CPU mode register 
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MEMORY 

¢ Special Function Register (SFR) Area 
The special function register (SFR) area contains the reg- 
isters relating to functions such as !/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 

.© ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ CRT display RAM 

CRT display RAM is used for specifing the character codes 
and colors to display. 


RAM 
(192 bytes) 


RAM 
(256 bytes) 


2 page register 


RAM 
(64 bytes) 


CRT display RAM 
(216 bytes) 


CRT display ROM 
(8192 bytes) 


ROM 
(32768 bytes) 


, 





* CRT display ROM 

CRT display ROM is used for storing character data. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


Special 


Interrupt vector area 





Fig. 2 Memory map 
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Li 


00C0,._ | Port PO 00E0,, | Horizontal position register 
00C1,.¢ | Port PO direction register OOE1,, | Vertical display start position register 1 


00C2,, | Port P1 00E2:¢ | Vertical display start position register 2 
00C3,., | Port P1 direction register 00E3,, | Vertical display start position register 3 


00C4,¢ | Port P2 00E446 
00C5,¢ | Port P2 direction register 00E5i¢ 
00C6;¢ | Port P3 00E6 16 
00C7,¢ | Port P3 direction register 00E7i¢ 
00C81_ | Port P4 O0E8 16 
00C91¢ | Port P4 direction register Q0E9:6 
OOCA\. | Port P5 OOEAi6 
00CB¢ | Port P5 direction register O0EBi6 
00CCig | Port P6 O0ECi¢ 
00CD,¢ | Port P6 direction register ODED 6 
O0CE1g | DA-H register QOEE16 
O0CF;. | DA-L register OOEF 16 
00D0,¢ | PWM 0 register OOF 0:6 
00D1;¢ | PWM_1 register O0F 146 
00D2;¢ | PWM 2 register ' 00F 216 
00D3,. | PWM 3 register 00F316 
00D4,_ | PWM 4 register 00F 446 
00D5,_ | PWM output control register 1 OOF 5i¢ 
00D6,,_ | PWM output control register 2 OOF6i¢ 
00D7;¢ | Interrupt space distinguish register OOF7 16 
00D8¢, | Interrupt space distinguish control register OOF 816 
00D9,_ | Special serial |/O register OOF9,, | PWM 8 

OODAi¢ | Special mode register 1 OOFAi6 
OODB;¢ | Special mode register 2 OOFB:¢ 
00DC;.¢ | Serial 1/01 mode register OOFCi¢ 
OODD;., | Serial |/O1 register OOFD,, | Interrupt request register 2 


OODE,. | Serial [1/02 mode register OOFE,, | Interrupt control register 1 
OODF,., | Serial 1/02 register OOFF,, | Interrupt control register 2 





Fig. 3 SFR (Special Function Register) memory map 


Fig. 4 2 page register memory map 
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INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of three external, eight internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 


Table 1. Interrupt vector address and priority. 





All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 5 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O”. The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 6 shows interrupts control. 





































































































































































Priority Vector addresses Remarks 
RESET 1 | FFFFi¢, FFFEi¢ | Non-maskable 
CRT interrupt a: es FFFD,ig, FFFCi¢ es 
INT2 interrupt 3 FFFBie, FFFAi6 
INT1 interrupt 4 i FFF9ig, FFF8i¢ a 
Serial I1/O2 interrupt 5 FFF7,56, FFF6i¢ 
Timer 4 interrupt 6 | FFF5ig, FFF4i¢ | 
1 ms interrupt (ae ; FFF3ig, FRFF2i¢ 
Vevne interrupt FFFlig, FFFOi¢ | 
Timer 3 interrupt ee 9 FFEF,,, FFEEi¢ 
Timer 2 interrupt 10 FFED,.5, FFECi.¢ 
Timer 1 interrupt San FFEBi¢, FFEAi6 
Serial 1/O1 interrupt 12 FFEQig, FFE816 
BRK instruction interrupt FFDFig, FFDEis Non-maskable software interrupt 
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interrupt request register 1 
(address 0OFC,,) 


Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Timer 4 interrupt request bit 
CRT interrupt request bit 
Vsync interrupt request bit 


Interrupt control register 1 
(address OOFE;,) 


Timer 1 interrupt enable bit 
Timer 2 tnterrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit 
CRT interrupt enable bit 
Vsync Interrupt enable bit 


Fig. 5 Structure of registers related with interrupt 


' 


Interrupt request bit 


Interrupt enable bit 
Interrupt disable flag | 


BRK instruction 
reset 


Fig. 6 Interrupt control 





Interrupt request register 2 
(address OOFD.) 


INT1 interrupt request bit 
INT2 interrupt request bit 
Serial 1/01 interrupt request bit 
Serial |/O2 interrupt request bit 
ims interrupt request bit 


Test bit : This bit must be set to “0”. 


0 : No interrupt request issued 
1 : Interrupt requested 


Interrupt control register 2 
(address OOFFi¢) 


INT1 interrupt enable bit 
INT2 interrupt enable bit 
Serial I/O1 interrupt enable bit 
Serial 1/O2 interrupt enable bit 
ims interrupt enable bit 


0 : Interrupt disable 
1 = Interrupt enabled 





Interrupt request 
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Timer 12 mode register (address 00F4,,) 
oe 1 count source eeieciien bit 
(Xin) divided by 16 

' Sapo clock 
Timer 2 count source selection bit 
0 : Internal clock 
1 : External clock from TIM2 pin 
Timer 1 count stop bit 
0 : Count start 
1 : Count stop 
fesasetees Timer 2 count stop bit 
He Count start 
: Count stop 
Timer 2 internal clock source 





TIMER 

The M37204M8-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. All of timers are 8-bit structure and 
have 8-bit latches. | 
A block diagram of timer 1 through 4 is shown in Figure 8. 
All of the timers are down count timers and their division 
ratio are 1/(n-+1), where n is the contents of timer latch. 
The same value is set to timer by writing the count value to 
the latch (00F0,,_ to 00F3,,_ : timer 1 to timer 4). When a 
timer reaches “00,;,” and the next count pulse is input to a 
timer, a value which is the contents of the reload latch are 
loaded into the timer. The timer interrupt request bit is set 
at the next count pulse after the timer reaches “001¢”. 

The contents of each timer is shown in following. 

(1) Timer 1 

Either f(X\y) divided by 16 or a 1024us clock (1s interrupt 
signal) can be selected as the count source of timer 1. 
When bit 0 of the timer 12 mode register (address 00F4,¢) 
is “O”, f(Xiy) divided by 16 is selected; when it is “1”, the eee 

1024us clock is selected. at He awidedinyae 
ae 1 interrupt request is occurred with timer 1 overflow. 1 Timer 1 oveniow 

(2) Timer 2 

f(Xiy) divided by 16, timer 1 overflow signal, or an external 
clock input from P32/TIM2 pin can be selected as the count 
source of timer 2 by specifying bits 4 and 1 of the timer 12 
mode register (address 00F4;.). 

Timer 2 interrupt request is occurred with timer 2 overflow. 
(3) Timer 3 

Either f(X,\) divided by 16 or an external clock input from 
P33/TIM3 pin can be selected as the count source of timer 
3 by specifying bit 0 of the timer 34 mode register 
(address 00F54,). 

Timer 3 interrupt request is occurred with timer 3 overflow. 
(4) Timer 4 

f(Xin) divided by 16, f(X;) divided by 2, or timer 3 over- 
flow signal can be selected as the count source of timer 4 
by specifying bits 4 and 1 of the timer 34 mode register 
(address O0F5;¢). 

Timer 4 interrupt request is occurred with timer 4 overflow. 
And the timer 4 overflow signal can be used as the clock 








7 0 
Timer 34 mode register (address 00F5;.) 
Timer 3 count source selection bit 
0 : f(Xin) divided by 16 
1 : External clock from TIM3 pin 
Timer 4 interna! clock source 
selection bit 
Q : Timer 3 overflow 
1 : f(Xin) divided by 16 
Timer 3 count stop bit 
0 : Count start 
. 1 : Count stop 
Timer 4 count stop bit 
Q : Count start 
] : Count stop 
Timer 4 count source selection bit 


source of special serial |/O. 0 ; Internal clock 


At reset or an STP instruction is executed timer 3 and timer 1S 1Xin) divided by 2 


4 are connected automatically, and the value “FF,,” is set 
to timer 3, and the value “07,,” is set to timer 4. Fig. 7 Structure of timer 12 mode register and 
f(Xin) divided by 16 is selected as count source of timer 3. timer 34 mode register 

When the internal reset is removed or stop mode is re- 

moved, the internal clock is connected by timer 4 overflow 

at above state. In this reason, the program starts with stable 

clock. 

The timer related registers structure is shown in Figure 7. 
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Data bus 


8 
1024us clock 
O Timer 1 latch (8) 
8 
Min Ko iia Timer 1 (8) a3 
- 
P3,/TIM2 CO a> HD F 


P33/TIM3 CQ > 







Timer 1 
interrupt request 


| P55 


© Dae © 
CBR1 I/P5;/TIM1 










Timer 2 
interrupt request 


Reset 
STP instruction 


Timer 3 
Interrupt request 






8 


: 


Timer 4 latch (8) 


(i b>. Timer 4 (8) 
T34M, 
_T34M3 


Timer 4 
interrupt request 


Selection gate : Connecied to black 
colored side at reset 


Abbreviations 

T12M : Bit | of tmer 12 mode register (j=0 to 4) 112M, : Bit) of timer 12 mode register (j=0 to 4) 
T34My : Bit 5 of timer 34 mode register (j=0 to 4) T34M, - Bit | of timer 34 mode register (j=0 to 4) 
D F :- Digital filter 


Note : Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles 


Fig. 8 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 

M37204M8-XXXSP has two serial I/O (serial 1/01, serial 
1/02). Serial |/O1 has the same function as serial |/O2. 

A block diagram of the serial |/O is shown in Figure 9. 

In the serial I/O mode the receive ready signal (Srpyz) , 
synchronous input/output clock (Scixj), and the serial I/O 
pins (Souri Sinj) are used as port P4. The serial I/O; mode 
registers (addresses 00DC,, and OODE;.¢) are 8-bit regis- 
ters. Bits 0, 1 and 2 of these registers are used to select a 
synchronous clock source. 

Bits 3 and 4 decide whether parts of P4 will be used as a 
serial I/O or not. 
















To use P4, or P4, as a serial input, set the direction regis- 
ter bit which corresponds to P4, or P4, to “0”. For more in- 


_formation on the direction register, refer to the I/O pin sec- 


tion. 

Also to use internal clock of serial |/O2, bit 1 of special 
mode register 1 (address 00DA,,_) needs to be set to “1”. 
The serial |/O function is discussed below. The function of 
the serial |/O differs depending on the clock source; exter- 
nal clock or internal clock. 





Data bus 
1/4 {1/8 11/16 
P4, latch bk 30 SIO1M, 
= SIO1Mp ? 2 SIO1Mo 
P42/Snovi O—S 7 | 
= re oeeted 
P4, latch 2 
P4./S Serial 1/01 
/Serxkt O ane "a Serial I/O counter 1 (8) interrupt request 
P4, latch 
SIO1Ms : LSB+MSB 
eae a 
P4./Sn1 OC 1) Serial |/O shift register 1 (8) 
SICo 
P4, latch PWM8 









P45 latch SCL 


P45/Scike © ( 


A 
SIO2M3 SB 
P4, latch SDA 


SIO2Ms : 
P44/Soute O : 
P4.6/Sin2 O 
SBs SIC, 
PWM9 
Abbreviations P4, latch 


SIC,, SICp : Bits 1 and 0 of shift register input control register 
SBj : Bit | of special mode register 1 (j=2 to 4) 
SIO1Mj —: Bit} of serial 1/01 mode register (j=0 to 5) 
SIO2Mj _ : Bit j of serial 1/02 mode register (j=0 to 5) 


Fig. 9 Block diagram of serial 1/O 


Serial 1/O counter 2 (8) 


LSB++MSB 


[stam Se 
) Serial I/O shift register 2. (8) 


Serial 1/02 
interrupt request 
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Internal clock—The Srpyz signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O; 
register (addresses 00DD,, and OODF,,). After the falling 
edge of the write signal, the Sapy: signal becomes low sig- 
naling that the M37204M8-XXXSP is ready to receive the 
external serial data. The Sapy; signal goes “H” at the next 
falling edge of the transfer clock. The serial 1/O; counter is 
set to 7 when data is stored in the serial I/O; register. At 
each falling edge of the transfer clock, serial data is output 
to Soutz. During the rising edge of this clock, data can be 
input from Siqz and the data in the serial |/O, register will 
be shifted 1 bit. 

Transfer direction can be selected by bit 5 of serial 1/0, 
mode register. After the transfer clock has counted 8 times, 
the serial 1/O, register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 










Sync clock 





Transfer clock 


Serial I/O, register 
write signal 


Serial !/O output 
Sout: 

Serial I/O input 
Sint 


Receivable signal 





Fig. 10 Serial I/O timing (In the case of LSB first) 


Transmission side 


Serial 1/O1 mode register 


{Po RO Xd X_Os X_O« X_Os_K_Os_X 0r/ 


f 


Note : Internal clock ts selected, the Sour pin is at high impedance after transfer end 


bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 10 When using an external clock for trans- 
fer, the external clock must be held at “H” level when the 
serial |/O, counter is initialized When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial 1/O counter 
must be initialized after switching. 

An example of communication between two M3/7204M8- 
XXXSPs is shown in Figure 11. 


(Note) 


Interrupt request bit set 


Reception side 


Serial [/O1 mode register 





Srpyi 
Bit 4 Bit 0 


HE 


Srpoy1 
Bit 4 Bit 0 


EES 


Sync clock 





Seiki 


The direction register for pin Sapy1 
should be set to input mode 


Seiki 


The direction register for pin Siny 
should be to input mode 


Serial data 


Fig. 11 Example of serial 1/O connection 








ate MiTSuBISH 
ELECTRIC 


2—207 


MITSUBISHI MICROCOMPUTERS 


M37204M8-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 


Serial 1/01 mode register Serial |/O2 mode register 


(address 00DC,.) 


Internal synchronous clock 
selection bits 


00: f(Xin) divided by 4 

01: f(Xiw) divided by 16 
10: f(Xi) divided by 32 
11: f(Xiw) divided by 64 


Sync clock selection bit 
0 : External clock 
1 : Internal clock 


Serial 1/01 port selection bit 
0 : Port P4p, P4, 
1 = Sours, Setki pin 


Srpy: Signal output selection bit 
0 : Port P4, 
1: Sppy: signal output pin 


Transfer direction selection bit 
QO : LSB first 
1 : MSB first 


Fig. 12 Structure of serial |/O; mode register 
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(address 00DE,.) 


Internal synchronous clock 
selection bits 


00: (Xin) divided by 4 

01: f(Xin) divided by 16 

10: f(Xiw) divided by 32 

11: f(Xjy) divided by 64 
Sync clock selection bit 

0 : External clock 

1 = Internal clock 


Serial !/O2 port selection bit 
0 : Port P44, P4, 
1 : Special mode (see Fig 16) 


Srpy2 Signal output selection bit 
0 : Port P4, 


1 : Special mode (see Fig 16) 


Transfer direction selection bit 
0 : LSB first 
1 : MSB first 
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SPECIAL MODE (I?C BUS MODE“) 
M37204M8-XXXSP has a special serial |/O circuit that can 
be reception or transmission of serial data in conformity 
with |?C* (inter IC) bus format. 

I7C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37204M8-XXXSP’s special serial I/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial |/O are explained in the following: 

(1) Master transmission 

@ To generate an interrupt at the end of transmission, set 
bit 7 of special mode register 2 (address OODBjg¢) to “1” so 
as to special serial I/O interrupt is selected. 

@) Then set bit 3 of interrupt control register 2 (address 
OOFF,,) to “1” so as to special serial I/O interrupt is en- 
abled. Clear the interrupt disable flag | to “O” by using the 
CLI instruction. 

(3) The output signals of master transmission SDA and 
SCL are output from ports P4, and P45. Set all bits (bits 4 
and 5) corresponding to P4, and P4, of the port P4 register 
(address 00C8,,) and the port P4 direction register 
(address 00C9j,) to “1”. 

@ Set the transmission clock The transmission clock uses 
the overflow signal of timer 4. Set appropriate value in tim- 
er 4. (For instance, if f(Xiy)/16 is selected as the clock 
source of timer 4 and 4 is set in timer 4 when f(Xw) is 
4MHz, the master transmission clock frequency is 25kHz.) 
© Set contents of the special mode register 2 (address 
OODB,.). (Usually,the value is “83,,”.) 


’ 


© Set the bit 3 of serial 1/O2 mode register (address ° 


OODE,,) . After that set the special mode register 1 
(address 00DA;,). Figure 16 shows the structure of special 
mode registers 1 and 2. 

Initial setting is completed by the above procedure 

@ Write data to be transmitted in the special serial !/O 
register (address 00D9,,). Immediately after this, clear bits 
O and 1 of special mode regiser 2 (to “0”) to make both 


SDA and SCL output to “L”. This is for arbitration. The start 
signal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK reception and the output level 
becomes “H” at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 

When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to “1” (issue of interrupt 
request), notifying the end of data transmission. 

To transmit data successively, write data to be sent to 
the special serial |/O register, and set the interrupt en- 
abled state again. By repeating this procedure, unlimited 
number of bytes can be transmitted. 

@ To terminate data transfer, clear bits 0 and 1 of the 
special mode register 2 to “0”. 

(0. Set bit 1 clock SCL to “1”. 

d) Then set bit 1 data SDA to “1”. This procedure trans- 
mits the stop signal. Figure 14 shows master transmission 
timing explained above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission (the process until @ in Fi- 
gure 14). 

In the interrupt routine, set master reception ACK provided 
(26,6) in the special mode register 1 (address OODA\j¢) , 
and write “FF,,” in the special serial 1/O register (address 
00D9,.). This sets data line SDA to “H” and to perform 8- 
clock master reception. Then, “L” is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 

Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission (the process from @) to ) in Figure 
14). 

Figure 15 shows master reception timing. 


* : Purchase of Mitsubishi Electric Corporation's I7C components converys a license under the Philips I?C Patent Rights to use these 
components in an 1?C system, provided that the system conforms to the I?C Standard Specification as defined by Philips. 
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Sync circuit 


P4, latch 


P4;/SCL ( ) a, Interrupt request 


SI/O counter 2 


SB. 
P4, latch 
Uy, = 


circutt 
SIO2M3 
S!I/O shift register 2 


F Data bus 
Abbreviations 


SIO2Mz : Bit 3 of serial 1/O2 mode register 





SBj : Bit ) of special mode register (j=1, 2, 5) 
Fig. 13 Block diagram of special serial |/O 


Pau/SDA (br Kb X be Xb X bs X be X bX be Yao) er K__ ack 
ae OO Le eed bo et 


D : 


YY 
ey”) @ (0) ) 





Fig. 14 Master transmission timing 


Reception data 


P4,/SDA Bi ee eee eee een eee De 


P4s/SCL eee La ee PLU LPL LI LS LIL] UU 


ee Se 
Same as @ to @ of Figure 14 


P4,/SDA 1 1 1 t I ' \ 
L.L-~L--1 1 .b.-L.-L-— 


D® ® ® 
Y Y 


Just as © Just as @) 
of Figure 14 of Figure 14 


Just as (0 
of Figure 14 





Fig. 15 Master reception timing 
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(3) Wait function 

Wait function 1 holds the SCL line at “L” after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
“L” after the 9th clock falls in the same way. 

When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to “1”, to enable the corres- 
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 
(address 00D9,,), or by setting the START signal detection 
bit to “1”. Reset the internal counter for each byte before 
data tranfer. 


7 0 
A ae et dhl Special mode register 1 
(address OODA\.) 


Transmission and reception mode 
selection bit 
0 : Reception mode 


1 : Transmission mode 















Synchronous clock selection bit 
0 : External clock 
1 : Timer 4 overflow 




















0 : Sourz, Sctke signal output 
1 : SDA, SCL signal output 


P4, special mode selection bit 
0 : P4, output 
1 > PWM9 output 


P4, special mode selection bit 
0 : Srpye2 signal output 
1 > PWM8 output 





ACK operation selection bit 


1 : ACK Is transmitted and received 


Start signal detect bit 
0 : Start signal is not detected 
1 : Start signal was detected 


Stop signal detect bit 
0 : Stop signal is not detected 
1 : Stop signal was detected 


Fig. 16 Structure of special mode registers 1 and 2 






7 0 
Pa fe aka Special mode register 2 
(address 00DB,,) 


P4,, P4s special mode selection bit 


0 : ACK ts not transmitted or received 


The wait functions can be released by setting the corres- . 

ponding bit 5 or 6 of the special mode register 2 to “1”. 

Note 1 : Clear the START signal detect bit (bit 6) and the 
STOP signal detect bit (bit 7) of the special mode 
register 1 by writing “1” to bit 6 or bit 7. 


Data line control bit 
0 : SDA outputs “L” 
1 : SDA outputs “H” 


Clock line control bit 
0 : SCL outputs “L” 
1 : SCL outputs “H” 


ACK recognition bit 
0 : ACK was received 
1 : ACK ts not received 


Wait function 1 enable bit 
0 : Wait function 1 is disabled 
1 : Wait function 1 is enabled 


Wait function 2 enable bit 
0 : Wait function 2 is disabled 
1 : Wait function 2 is enabled 


Wait function 1 acceptance display bit 
0 : Wait function 1 is not accepting 
1 : Wait function 1 is accepting 


Wait function 2 acceptance display bit 
0 : Wait function 2 is not accepting 
1 2 Wait function 2 is accepting 


-———— Interrupt selection bit 
0 : Serial 1/02 interrupt 
1 : Special serial 1/O interrupt 
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SERIAL I/O COMMON TRANSFER MODE 


The Sin and Sour signals can be switched internally, to Shift register input control register 


switch between serial transmission and serial reception, by (address 0207;,) 


writing “1” to either bit 1 or bit 0 of the shift register input 
control register. pelle register 1 input bit 
0 : Input signal from Sin; 


Signal lines in serial |1‘O common transfer mode are shown 
in Figure 19. 
Note : During serial reception, make sure that serial recep- Shift register 2 input bit 


tion start after “FF y,” is written to the serial I/O shift : “hie et au 
| 1 : Input signal from Soute 
register. 


1: Input signal from Sour: 





Fig. 17 Structure of the shift register input control 
register 


Serial !/O shift register 1 (8) 
P42/Sin4 


P45/Scik2 


P44/Soutz 


Serial I/O shift register 2 (8) 





Fig. 18 Signal lines in serial |/O common transfer mode - 
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PWM OUTPUT CIRCUIT 


(1) 


Introduction 

The M37204M8-XXXSP is equipped with one 14-bit 
PWM(DA) and ten 8-bit PWMs (PWMO—PWM39). The 
14-bit resolution gives DA the minimum resolution bit 
width of 500ns (for X;y=4MHz) and a repeat period of 
8192s. PWMO — PWM9 have a 8-bit resolution with 
minimum resolution bit width of 8us and repeat period 
of 2048s. 

Block diagram of the PWM is shown in Figure 19. 

The PWM timing generator section applies individual 
control signals to DA and PWMO— PWM¢9 using clock 
input X,, divided by 2 as a referece signal. 

Data setting 

The output pins PWMO— PWM7 are in common with 
port P6 and PWM8, 9 are in common with port P47, P4g.. 
For PWM output, each PWM output selection bits (bits 
2 to 7 of PWM output control register 1, bits 0 and 1 of 
PWM output control register 2, bits 3 and 4 of special 
mode register 1 and bit 4 of serial 1/O2 mode register) 
should be set. When DA is used for output, first set the 
higher 8-bit of the DA-H register (address OO0CE;,) , 
then the lower 6-bit of the DA-L register (address 
OOCFi¢). 

When one of the PWMO—PWMS$ is used for output, set 
the 8-bit in the PWMO— PWM9 register (addresses 
00D0,, to 00D4,,_ and OOF6,, to OOFAi,), respectively. 
Transferring data from registers to latches 

The data written to the 8-bit PWM register is transfer- 
red to the PWM latch in each 8-bit PWM cycle period. 
For 14-bit PWM, the data is transferred in the next up- 
per 8-bit period after the write. The signals output to 
the PWM pins correspond to the contents of these 
latches. When data in each PWM register is read, data 
in these latches has already been read allowing the 
data output by the PWM to be confirmed. However, bit 
7 of the DA-L register indicated the completion of the 
data transfer from the DA register to the DA latch. If bit 
7 is “OQ”, the transfer has been completed, if bit 7 is “1”, 
the transfer has not yet begun. 

Operation of the 8-bit PWMs 

The timing diagram of the ten 8-bit PWMs (PWM0 — 
PWMS) is shown in Figure 20. One period (T) is com- 
posed of 256 (2°) segments. 


There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter- 
nal section. Refer to Figure 20 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 20 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high- 
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
i.e. 256/256. 

(5) 14-bit PWM operation 
The output example of the 14-bit PWM is shown in Fi- 
gure 21. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length D,, times 7 is output 
every short area of t=256 T=128us as determined by 
data D,, of the higher 8 bits. 
Thus, the time for the high-level area is equal to the 
time set by the higher 8 bits or that plus T. As a result, 
the short-area period t (=128us, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 
At reset the output of port P4., P4, and P6 is in the 
high impedance state and the contents of the PWM 
register and latch are undefined. Note that after setting 
the PWM register, its data is transferred to the latch. 


Table 2. Relation between the 6 low-order bits 


of data and high-level area increase space 


Area longer by T than that of other tmy(m 
Nothing 

m=32 

m=16, 48 

m= 8, 24, 40, 56 

m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
eee 57, 59, 61,63 














=0 to 63) 
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Data bus’ oe Selection gate : connected to black 


colored side when 


DA-L register ee 
(address O0CF,.) Pass 
gate 
Cs a a GC 














DA-H register 
(address 00CE;¢) 


14-bit PWM circuit 4 ) 
> O 
Timing 


generator 
for PWM 






| 
I 
J 






PWM0 register 
(address 00D0,¢) 


PG, D6 aie PWMO0 


EIT INN I RE ec ENTE 


PNs , 
Le 
Ve ee PWM1 
SSS _— — - pe, D6: nie 
| 1, 
PW 
pees EI Te stor (artes O00 Tie) ie oes PwM2 
! 2 
! [Lb > 5, 
PWM2 register (address 00D2i5) é oa ” Sais 
(oS OP bye i P6s I 
1 |b —F>— 
PW 
eg aes ee a, oe po Pwne 
y PB. 5 
| 
PW 
i PWM4 register (address 00D4;¢) pores PWM 
SS ee ee es See 4 pe, 6s 4 MMs 
| jb > — 
\ PW 
| PWMS5 register (address 00F6,,) Pe ee PWM6 
PSS SSS SS a SS + Pe, 7)° : 
| 
| PN 
PWM6 register (address 00F74¢) | No 
4 <= ae a ae ee ee eS ee eee cee ci 4 — om omer 7 P67 D6, | PWM7 
| tb 4 
' I eas 
| ___PWN7 register (address O0F8,.) i a D4, pOPWMs Abbreviations 
ee ge gt ace ely gear eee ener ee Sppve P4 
I ehan's ] : PWj : Bit } of PWM output control register 1 (j=0 to 7) 
! SB, SIO2M PNj : Bit j of PWM output control register 2 (j=0 to 4) 
PWM68 register (add F ISB, ‘ 3 
_— mice anh register (ad Foss Ou 916) ——4 py, D4 fe PWM9 _—s«@D4y : Bit j of port P4 direction register (j=6, 7) 
i i > P4j : Bit) of port P4 register (j=6, 7) 
PWM89 register (address OOFA;¢) SB; D6) : Bit) of port P6 direction register (j=0 to 7) 
a a a a a cas P6) : Bit) of port P6 register (j=0 to 7) 


ries SB) : Bit j of special mode register 1 (j=3, 4) 
hogtladt sO: Bit 4 of serial |/O2 mode register 


Fig. 19 Block diagram of the PWM circuit 
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13579 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 50 255 
2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102106110114 1181221261 30134138142 146150 154158 162166 1701741781821 861901941 98202 206210 214218222226 230234238242246 250 254 
4 12 20 28 36 44 92 60 = 68 76 84 92 100 180 188 196 204 212 220 228 236 244 252 


184 288 216 232 248 


(a) Pulses showing the weight of each bit 


When output is PWMO to PWM9 1=t=8us T=2048us 
When f( Xin) =4MHz 


(b) Example of 8-bit PWM output 


Fig. 20 8-bit PWM timing diagram 
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‘ 


Data in address 00CEi¢ Is #6Aj6 Data in address 00CE,, is #7Bi.¢ 


Data in address O0CFi¢ is #2446 Bit 7 reset after transfer Data is address 00CFi¢ is #3546 


A4i6 Register to latch tranfer B5i6 Register to latch tranfer 


DA latch (14 bit) 165316 SN AAS 1AA4i6 1AA4s6 x 1EFS:¢ 


A When bit 7 of DA-L is “0” register 











T= 8192us to latch transfer will not occur 
(64X128us) 
ae t= 128us : ———— ee 
ee ; Se 
(Example 1) 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B |6B J6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A /|6B 6A 
DA output 
® 
lower 6 bits eee 
output_J 5 5 : era 1 5 5 5 5 
(When H: 6Aie, 
L* 2416) 6B.g -- 36 times 6Ai6 28 —————> 106X64+36 
(107) (106) oes 
(Example2) 6, lea 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 
DA output 
lower 6 bits 
output 3 4 
(When is a 6Big «77 24 times 6GAig° ~--40 times ———> 106 64+24 
16 
gees t= 1284s ~~~ _ 


(256 X0. 5us) 
Minimum bit resolution width| r =0.5us 


DA output | 
® 6A , 69 | 68 | 67! ates ; 02 , 01 


ADD 


8-bit counter 102! 01! 00|FFIFE!FDIFC! ----- 197196195! => 102! 01100 |FFIFE!FDIFC! ~~~ 1971961951 7 


High/low-level of the ADD | High-level area output, the length 


section is determined by of which is specified DA-H 
the data contained in 


the lower 6 bit 








256 7 (1284s) standard 


Fig. 21 14-bit PWM timing diagram 
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7 0 
eae ee ela Te dia PWM output control register 1 


(address 00D5;,) 


DA, PWM count source selection bit 
0 : Count source supply 
1 : Count source stop 


DA/PN, output selection bit 
0 : DA output 
1° PN, output 


P6)/PWMO output selection bit 
0 : P6> output 
1 = PWMO output 


P6,/PWM1 output selection bit 
Q : P6, output 
1 > PWM1 output 


P6./PWM2 output selection bit 
0 : P6, output 
1 > PWM2 output 


P6;/PWM3 output selection bit 
0 : P63 output 
1 >: PWM8 output 


P6,/PWM4 output selection bit 
0 : P6, output 
1 > PWM4 output 
P6;/PWM5 output selection bit 


0 : P6s output 
1» PWM5 output 


Fig. 22 Structure of PWM output control register 1 and 2 


ae SR 


PWM output control register 2 
(address 00D6,,) 


P6./PWM6 output selection bit 
0 : P6, output 
1 : PWM6 output 


P67/PWM7 output selection bit 
0 : P6, output 
1 : PWM7 output 


DA output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


PWM output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


DA wide use output register 
0 : “O” output 
1 : “1” output 
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A-D CONVERTER 

Block diagram of A-D converter is shown in Figure 24. A-D 
converter consists of 6-bit D-A converter and comparator. 
The A-D control register 2 (address 020A.) can generate 
1/64 Voc-step internal analog voltage based on the settings 
of bits 5 to 0. 

Table 3 gives the relation between the descriptions of A-D 
control register bits 5 to 0 and the generated internal ana- 
log voltage. The comparison result of the analog input vol- 
tage and the internal analog voltage is stored in the A-D 
control register 1 (address OOEF,.), bit 4. 

The data is compared by setting the direction register cor- 
responding to port P35, P3, to “0” (port P3,, P3. enters the 
input mode), to allow port P3;/A-D1, P3./A-D2 to be used 
as the analog input pin. The digital value corresponding to 
the internal analog voltage to be compared is then written 
in the A-D control register, bits 0 to 5 and an analog input 
pin is selected. After 16 machine cycle, the voltage com- | 
parison is completed. 





A-D control register 1 
(address O0EF,) 


Internal analog voltage 
set bits 

000 : AD1 

001 : AD2 

010: AD3 

011 : AD4 

100 : AD5 

101 : AD6 

110 : AD7 

111: AD8& 


Comparison result 
0 : Input voltage < 
Internal voltage 
1: Input voltage > 
Internal voltage 


Fig. 23 Structure of A-D control register 1 


\ 


Table 3. Relationship between the contents of A-D 


control register2 and internal analog voltage 


A-D control FeaIsiel Internal analog 


Data bus 


A-D control register 1 


Comparator 
+ 


Comparator 


A-D control 
register 1 


Analog 
signal 
switch 


Fig. 24 Block diagram of A-D converter 
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CRT DISPLAY FUNCTIONS 


(1) Outline of CRT Display Functions 

Table 4 outlines the CRT display functions of the 
M37204M8-XXXSP. The M37204M8-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 

Up to 254 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 25) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 


Table 4. Outline of CRT display functions 


Parameter Functions 


Display character 24 characters X3 lines (maximum 16 lines) 


Ch t 
saat 12X16 dots (See Figure 25) 


Kind of colors 15 (max.) 
Color 


a character 
Possible (multiple lines) 
























configuration 






Coloring unit 


Extention display 

















Fig. 25 CRT display character configuration 


Set the character to be displayed in display RAM. 

Set the display color by using the color register. 
Specify the color register in which the display color is 
set by using the display RAM. 

Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

Specify the horizontal position by using the horizontal 
position register. 

Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on, the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 26 shows the structure of the CRT control register 1. 
Figure 27 shows a block diagram of the CRT display control 
circuit. 


eS O89 


© © 


7 0 
| | | | | | | J] ] CRT contro! register 1 


(Address O0EA;,) 


All-blocks display control bit (Note 1) 
0 : All-blocks display off 
1: All-blocks display on 


Block 1 display control bit 
0 : Block 1 display off 
1 : Block 1 display on 


Block 2 display control bit 
0 : Block 2 display off 
1 : Block 2 display on 


Block 3 display control bit 
0 : Block 3 display off 
1 : Block 3 display on 


Block 1 color specification mode switch bit 
0 : Ordinary mode 
1 : 1/2-character unit color specification 
mode 


Display oscillation stop bit 
0 : Oscillation stopped 
1 : Oscillation enabled 


Scanning line double-count mode flag 


0 : Normal 256 count mode 
1 : Double count mode 


Test bit : This bit must be set to “0” 


- All-blocks display control bit indicates the logical 
sum (AND) of each block display control bit 





Fig. 26 Structure of CRT control register 1 
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Data bus 


OSsC1 OSC2 Hsync Vsyne 
© C) om @ 


(Address 00EA;.) 


CRT control register Clock generating 





circuit 





(Addresses 00E11¢ to O0E3,,) 













Vertical position register 


(Address 00E4,.) 


Character size register 
Display position control circuit 


(Address 00E0,.¢) 


Horizontal position register 


(Address 00E5,.) 


Border register 





Display control 


circuit 

















/Display RAM 
’ 11-bit X24x1 
+ 9-bit X24x2 


Display ROM Border RAM 
12-bit X16X 256 
| 
Shift — Shift register 


12-bit 





(Addresses 00E64.¢ 
to 00E9,,) 





Color register 








(Address 00EC,) 


CRT port control register 





Fig. 27 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a “block.” There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 30), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 30), the 
former block is overridden and the latter is displayed. 

The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00,, to 7F 1, to bits 0 to 6 in the vertical position 
register (addresses 00E1,,¢ to 00E3,,). Figure 28 shows the 
structure of the vertical position register. 


Vertical position register 
Vertical position register 1 (address 00E1,.) 
Vertical position register 2 (address 00E2,.) 


Vertical position register 3 (address 00E3,,) 


The vertical display start position 
128-step positions (00,6 to 7F46) 





Fig. 28 Structure of vertical position registers 


The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display) ) by setting values 00,, to 
3Fig to bits 0 to 5 in the horizontal position register 
(address 00E0,,). Figure 29 shows the structure of the 
horizontal position register. 


Horizontal position register 
(Address 00E0,.) 


The horizontal display start position 
64-step positions (00,6 to 3F.,) 


Test bit - This bit must be set to “0”. 





Fig. 29 Structure of horizontal position register 
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a ee 


(HR) 


— ee fe ee 


Block 1 ° 


eel 
Block 2 
I 
| 
Block 3 


(a) Example when each block is separated 


CV2- yo 


CV; 7 





\ 


Block 3 


Block 1 (Block 2) 


Block 1’ (Block 3 


. 





(c) Example when one block ts displaying some other block is superimposed 


Fig. 30 Display position 
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7 0 
Character size register 
(Address 00E4,.¢) 
Block 1 character size selection bits 
00 : Small size 
01 : Medium size 
10 ° Large size 
11 : Extra large size 
Block 2 character size selection bits 
00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 
Block 3 character size selection bits 
00 : Small size 
01 : Medium size 
10 : Large size 
11 ° Extra large size 
Out output switching bit 





(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
_ister (address 00E4,,) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 31 
shows the structure of the character size register. 

The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X (1 Tc); the 
medium size consists of [two scanning lines} X (2 Tc); the 
large size consists of [three scanning lines) X (3 Te); and 
the extra large size consists of [four scanning lines) X [4 
Tc). Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 0 : Out output 

1 : Out-MUTE (background of entire 
screen enabled by OUT signal) 





Fig. 31 Structure of character size register 


Table 5. The relationship between the set values of the character size register and the character sizes 


Character Width (horizontal) direction Height (vertical) direction 
size Tc : a cycle of display oscillation (scanning lines) - 
Pesan Oe re eel ae nO ee ON na ata cs pete es ees tonal 
ee ete Ot ee ae ed a IU ee NG ey See Se ee | 
Disease Oso ee 
aii Cee ee eam a ee 













Large 


Note : The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common to 
all blocks even when the character size varies with each block. (See Figure 32) 





Abbreviations 


CSn,, CSno : Bits 1 and 0 of the character size register 
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(4) Display Memory 

There are two types of display memory: CRT display ROM 
(addresses 3000, to 4FFF,,) used to store character dot 
data (masked) and CRT display RAM (addresses 2000), to 
20D7,1¢) used to specify the colors of characters to be dis- 
played. The following describes each type of display 
memory. 

@ CRT display ROM (addresses 3000,¢ to 4FFFi¢) 

The CRT display ROM contains dot pattern data for display 
_ characters. To display these stores characters in operation, 
specify character codes (codes determined based on the 
addresses in the CRT display ROM) that are specific to 
those characters, by writing them to the CRT display RAM. 





Extra large 


Display start position 


Fig. 32 Display start position of each character size 
(horizontal direction) 


Since the CRT display ROM contains 8K bytes and the 
data for one character takes up 32 bytes are required 256 
characters can be stored. However, two-character space is 
required for test purposes, so in practice 254 characters 
can be stored for display. 

Within the CRT display ROM area, data for part of each 
character that is (16 dots high) X [left hand 8 dots wide] is 
stored at addresses 3000;, to 37FFig and 4000, to 47FF4., 
and data for part of each character that is [16 dots high) X 
[right-side 4 dots wide) data of display characters are 
stored in addresses 3800, to 3FFFig and 48001, to 4FFF4¢. 
(See Figure 33) However, note that the four upper bits in 
the data to be written to addresses 3800,;, to S3FFFi, and 
4800,¢ to 4FFF,, must all be set to “1” (by writing data F0,, 
to FF,,). 


Table 6. Character code list 


Contained up address of character data 
Character code 
Left 8 dots lines Right 4 dots lines 


300016 380016 
00, 6 to to 
300Fig 380Fi6 


0316 





















2 For test pattern 
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The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 

Assume that data for one character is stored at 3XX0j, to 
3XXFig and 4XX0i,_ to 4XXFig (XX denotes 0015 to 7Fig) 
and 3YY0,, to 3YYFig and 4YY0i¢ to 4YYFig (YY denotes 
80,6 to FF,¢), then the character code for it is “XX1¢”. 


}olo/o}o|oj1} 0/0) 


Pie eieie 2 oise) 
|~[=[elelelelelolo| 
jolo|=|~|=/elololo 
jelele|~lo|=|=|=[0] 
Slee Sisisle(e)a/=(4] 
jelelele|—lelelelololo|—| 
S|Sl|elele/= 2/5 |Siei= 2! 
lofefefelolo[=[o[=|=|-Jelelo| 


with ON-SCREEN DISPLAY CONTROLLER 


In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) addresses (3000;, to 37FFig and 4000;,¢ to 
47FF,,) where data for that character is stored. 

Table 6 lists the character codes 


nn ft 3 “, ¥ . 
3XX016+0800,6 «Resp “48 


or 


4XX016+080016 fF 





3XXF yp +0800i6 £38. FERRY. 


or 


4XXF 161080016 


Fig. 33 Stored format for display characters 
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(2) CRT display RAM (addresses 2000,.¢ to 20D7;.) 

The CRT display RAM is allocated at addresses 2000;. to 
20D7,.¢, and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 

When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the eight bits (bits 0 to 7) in 
address 2000;, and the color register No. to the two low- 
order bits (bits 0 and 1) in address 2080,,. The color regis- 
ter No. to be written here is one of the four color registers 
in which the color to be displayed is set in advance. For 
details on color registers, refer to (5) Color Registers. 

The structure of the CRT display RAM is shown in Figure 
33. Write the character patterns at Table 8 and 9, when 
M37204M8-XXXSP is mask-ordered. 


Table 7. The contents of the CRT display RAM 


Display position (from left) Character code specification Color specification 
1st column 2000ig 208016 
2nd column 200146 208116 
3rd column 200216 208216 






































22th column 201546 209516 
23th column 201646 209616 
24th column 201716 20976 

201816 209816 

Not used to to 

201Fi¢ 209F 16 
1st column 202016 20A0i¢6 
2nd column 202116 20A1i6 
3rd column 202246 20A216 













































































Block 2 : : : 
22th column 203546 20B5i6 
23th column 203616 20B6i¢6 
24th column 20371416 20B7i6 
203816 20B8i¢ 
Not used to to 

203Fi¢ 20BFi¢ 
1st column 2040i¢6 20C0i¢ 
2nd column 204146 20C 146 
3rd column 204216 20C 216 



























































Block 3 : : : 
22th column 205546 20D5i6 
23th column 205616 20D6i6 
24th column 205716 20D7i6 

205816 20D846 

Not used to to 

207Fi¢ 2FFFi6¢ 
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Block 1 
(Character specification) 


1st column : 200016 


to 
24th column : 201746 


Character code specification 
Specify 254 characters at 00), to FFi.¢ 


(Except 7E and 7F) 
(Color specification) 


1st column : 20801. 
to 
24th column : 20974. 


Color register specification in the ordinary 
| mode or former 1/2 color register specification 
in the 1/2-character unit color specification mode 


l 00 : Color register 0 specification 
91 : Color register 1 specification 
10 : Color register 2 specification 
11 | Color register 3 specification 


a Latter 1/2 color register specification 


In the 1/2-character unit color specification mode 








00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 
Block 2, 3 

(Character specification) 


ist column : 2020;. 
to 
24th column : 203716 


Character code specification 
(Addresses 2040,, to 2057,, in the case of block 3) Specify 254 characters at 00; to FF 4, 
(Except 7E and 7F) 
(Color specification) 


1st column : 20A0i¢ 


to 
24th column : 20B7;., 


Color register specification 


(Addresses 200015 to 20D71¢ in the case of block 3) 00 : Color register 0 specification 


01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


Fig. 34 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 


(“baa Adaress «dCi 
cc RE a ee 
04 | SFE | Fe | 


3FE2i6 
3FE3i6 
3FE446 
3FE5i¢ 
3FE6 46 
3FE7 46 
3FE8 16 
3FEQ16 
3FEAi6 
3FEBi¢e 
3FECi6 
3FED46 
3FEE;., 
3FEF 16 











F4i¢ 
F016 
F016 
F246 
FOi6 
F016 
F016 
FO16 
F816 
FO16 
FOi6 
F4i6 
F016 
FOi6 







Address 
3FFOi6 
SFF1i¢ 
3FF2i¢ 
SFF316 FOi6 
3FF41, FOi6 
3FF5i¢ FOig 
3FF61¢ FOi6 
SFF 716 FOi¢ 
SFF816 FQi6 
SFF916 FOi6¢ 


SFFAis FOi6¢ 
3FFBi6 F016 
PFC 


3FFFi¢ 


Data 
FQig 
FOi¢ 
FOi6 


[Adaress [bata _] 
37k | 0056 
37F 516 0046 
come Oo 
a7FB ie | 006 
[arr | 0056 
gre | tie 
[~s7FFig | 0015 



















(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
CO3: addresses 00E6,, to 00E9,,) and then specifying that 
color register with the CRT display RAM. ; 

There are four color outputs: R, G, B, and |. By using a 
combination of these outputs, it is possible to set 24-1 
(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. . 

R, G, B, and | outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 35 shows the struc- 
ture of the color register. 


7 0 
ere ele ot eh Weal Color register 


Color register 0 (address 00E6,,) 
Color register 1 (address 00E7;.) 
Color register 2 (address 00E8,,) 
Color register 3 (address 00E9,.) 


| pin output bit 
0 : No character is output 
1 : Character is output 


B pin output bit 
0 : No character is output 
1 : Character ts output 


G pin output bit 
0 : No character is output 
] : Character ts output 


R pin output bit 
0 : No character is output 
| :! Character is output 


OUT pin output bit (Note) 
0 : No character or blank is output 
] : Character or blank is output 


OUT pin output control bit (Note) 
0 © OUT pin outputs character 
1 : OUT pin outputs blank 


Note : When the character border function (described later) 
is used, the outline back output has priority over these 
two bits (bits 4 and 5) for the OUT pin output 
However, if bit 4 and bit 5 are both 1, to output the 
character background color, the background color of 
that character has priority 





Fig. 35 Structure of color registers 
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(6) 1/2-Character Unit Color Specification Mode @The left half of the character is set to the color of the col- 
By setting “1” to bit 4 in the CRT control register 1 or register that is specified by bits 0 and 1 at the color 
(address O0EAjg) it is possible to specify colors in units of register specifying addresses in the CRT display RAM 
a 1/2-character size (16 dots highX6 dots wide) for char- (addresses 208016 to 2097;.). 

acters in block 1 only. @The right half of the character is set to the color of the 
In the 1/2-character unit color specification mode, colors of color register that is specified by bits 2 and 3 at the color 
display characters in block 1 are specified as follows: register specifying address in the CRT display RAM 


(addresses 208016 to 2097;¢). 
















Color of the color register 
specified by bit 0 and bit 1 
of address 20811. 


Color of the color register 
specified by bit 0 and bit 1 
of address 2080,, 





Block 1 





(a) Display tn the ordinary mode 










Color of the color register | Color of the color register 
specified by bit0 and bit1 : specified by bit 2 and bit 3 
of address 20814, | of address 208146 


Color of the color register : Color of the color register 
specified by bitO and bit1 : specified by bit 2 and bit 3 
of address 20804, of address 20804. 






Block 1 


(b) Display in the 1/2-character unit color specification mode 


Fig. 36 Difference between ordinary color specification mode and 1/2-character unit color specification mode 
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(7) Multi-line Display 

The M37204M8-XXXSP can ordinarily display three lines of 
characters, in three blocks with different vertical positions. 
In addition, up to 16 lines can be displayed by using CRT 
interrupts and the display block counter. 

The CRT interrupt is a function that generates an interrupt 
for each block at the point at which the display of any de- 
sired number of dots has been completed. In other words, 
when a scanning line reaches the point of display position 
(specified with vertical and horizontal position registers) of 
a certain block, the character display of that block starts, 
and an interrupt is issued at the point at which the number 
of dots set by the interrupt position control register is ex- 
ceeded. 

The display block counter counts the number of times the 
display of a block has been completed, and its contents are 
incremented by 1 each time the display of one block is 
completed. 

To provide multi-line display, enable CRT interrupts by 
clearing the interrupt disable flag to “O” and setting the 
CRT interrupt enable bit (bit 4 of address OOFE,,¢) to “1”. 
To processing within the CRT interrupt processing routine 
is as follows: 


(Read the value of the display block counter. 

@The block for which display is terminated (i.e., the cause 
of CRT interrupt generation) can be determined by the 
value read in ©. 

@ Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 37 shows the structure of the display block counter. 


Display block counter 
(address 00EB,.) 


Indicates number of blocks that are 
being displayed or were displayed 


(incremented each time a block is 
displayed) 





Fig. 37 Structure of display block counter 


Count value Interrupt 


position 


Block 1 
Block 2 


Block 3 
Block 1’ 





Fig. 38 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
‘display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 256 steps from 00g to FFi¢, or four scanning 
lines per step, the number of steps in the scanning line 
double count mode is 128 from 00;,¢ to 7Fi¢, or eight scan- 
ning lines per step. 


Vertical position A 


La Scanning line 16 lines 


(a) Display in the normal mode 


If the contents of the vertical position register for a block 
are set in the address range of 80;, to FFi¢ in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register 1 (address 
OOEA,,) to “1”. 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 


Vertical position AX2 


Scanning line 32 lines 


(b) Display in the scanning line double count mode 


Note : This scanning line double count mode can be used when RC/LC oscillation is used in the CRT oscillation 





Fig. 39 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 

A one clock (one dot) border can be drawn around each 
character displayed, in both horizontal and vertical direc- 
tions. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (the OUT pin output contents) 
are ignored, and the border output is from the OUT pin. 


The border can be set in block units by the border selec- 
tion register (address 00E5,,). The border output takes 
priority over OUT output of color register, but in case of 
character background coloring is set, the border- output 
can’t output. Table 10 shows the relationship between the 
values set in the border selection register and the charac- 
ter border function. Figure 41 shows the structure of the 
border selection register. 


Table 10. The relationship between the value set in the border selection register and the character border function 


Border selection register 





Functions 


Example of output 





Normal 





R, G, B, | output 
OUT output 











Border including character 


R, G, B, | output 
OUT output 














Border excluding character 


R, G, B, | output 








OUT output 


Border selection register 
(Address 00E5;.) 


Block 1 OUT output border selection bit 
0 : The same as R, G, B Is output 
1 : Border is output 


Block 1 output switch bit 
0 : Border including character 
1 : Border only 





ae Block 2 OUT output border selection bit 
0 : The same as R, G, B Is output 
1 : Border is output 


Block 2 output switch bit 
0 : Border including character 
1 : Border only 








——— Block 3 OUT output border selection bit 
0 : The same as R, G, B is output 
1 : Border is output 


Block 3 output switch bit 
0 : Border inciuding character 
1 : Border only 





[] is border — 
Ml is display by character data Fig. 41 Structure of border selection register 
Fig. 40 Example of border 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, !, and OUT are respectively 
shared with port P52, P53, P54, P5s, and P5g. When the cor- 
responding bits in the port P5 direction register are cleared 
to “O”, the pins are set for CRT output; when the bits are 
set to “1”, the pins function as port P5 (general- purpose 
output pins). 

The polarities of CRT outputs (R, G, B, I, and OUT, as well 
as Hsync and Vsync) can be specified by using the CRT 
port control register (address 00ECj¢). 

Use bits 0 to 4 in the CRT port control register to set the 
output polarities Of Hsync, Vsync, R/G/B, |, and OUT. When 
these bits are cleared to “0”, a positive polarity is selected; 


















7 0 
Peale aioe akc edes ag CRT port control register 


(address 00EC,,) 


Hsync Input polarity selection bit 
0 : Positive polarity 
1. Negative polarity 


Vsync Input polarity selection bit 
Q : Positive polarity 
1 : Negative polarity 





R/G/B output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


| output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


OUT output polarity selection bit 
QO : Positive polarity 
1 : Negative polarity 





_—_———— R pin output switch bit 
0 © R signal output 
1 > R-MUTE signal output 


G pin output switch bit 
0 : G signal output 
1: G-MUTE signal output 


Po B pin output switch bit 


0 : B signal output 
1 : B-MUTE signal output 





Fig. 42 Structure of CRT port control register 


MITSUBISHI 
ELECTRIC 


when the bits are set to “1”, a negative polarity is selected. 
Bits 5 to 7 in the CRT port control register, bit 0 in the CRT 
control register 2 (address 0208,,) and bit 7 in the charac- 
ter size register (address 00E4,,) are used to specify pin 
by pin whether normal video signals or R-MUTE, G-MUTE, 
B-MUTE, I-MUTE, OUT-MUTE and signals are output from 
each pin (R, G, B, |, OUT). When set for R-MUTE, G- 
MUTE, and B-MUTE outputs, the whole background colors 
of the screen become red, green, and blue. When set for I- 
MUTE and OUT-MUTE output, the whole background of the 
screen become | and OUT signal. 

Figure 42 shows the structure of the CRT port control reg- 
ister. 
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The CRT can be operated by clocks from three different 
sources that can be selected with bits 0 and 1 of the CRT 
clock selection register (address 0209,,). 


¢ 


CRT clock selection register 
CRT control register (address 00EAj,) 
(address 0209,,) . CRT clock source 


Bit 1 Bit 0 Bit 6 











Connects the RC/LC pin to the OSC1 and OSC2 pins, and supplies 
the clock produced by an RC/LC oscillation circuit to the CRT 
Supplies the tnternal clock from OSC, and OSCoyr (ceramic 
resonator) to the CRT 


Oor 1 
0 | (Either one OK) 


The oscillation frequency ts limited, so the lateral size of display 
characters is also limited In this case, the OSC1 and OSC2 pins 
_|_can be used for AD input or port input 








Do not use this setting 








lf a CRT-dedicated ceramic resonator and a feedback resistor are 
connected to the OSC1 and OSC2 pins, the clock generated by the 
resultant oscillation 1s supplied to the CRT (another ceramic re- 
sonator in addition to the one connected to the OSC,y and OSCoyr 
pins of the microcomputer is necessary) , 


Fig. 43 CRT clock source and the vaules of CRT clock selection register and CRT control register 











Port control register (address 0206;,) 


Port data input bits 
This input data 1s valid when bit 0 of the CRT clock selection register is “1” and bit 1 Is “0” 


D-A pin input/output format bit 
0 : AD3 Input 
1 2 14-bit PWM output 





Fig. 44 Port control register 
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(11) Character background coloring 

The backgroung part of a character (its 12X16 dot area) 
can be colored as specified by bits 4 and 5 of the color 
registers (addresses 00E6,, to 00E9,,) and bits 2, 3, and 4 
of the CRT control register 2 (address 0208;,). 

Set “1” in bits 4 and 5 of the color register of the character 
whose background is to be colored, and specify the back- 
ground color with bits 2, 3, and 4 of the CRT control regis- 
ter 2. This means that the color of the character is paired 
with the background color of that character, so that up to 
four color pairs can be used in each screen (eight back- 
ground colors are possible). 

The structure of the CRT control register 2 is shown in Fi- 
gure 45. 


Table 11. Coloring of character background by RGB 


output signals 











RGB output 


CRT control register 2 


Bit3 (6) 


Bit 2 (R) 


Yellow 





CRT control register 2 (address 02086) 


| output switching bit 
0 : 1 output 


1 2 1-MUTE output (background of entire screen enabled by | signal) 


| pin output format bit 
0 : 1 output/I-MUTE output 
1 21/2 timer 1 clock output 


Character background color specification bits 





Fig. 45 Structure of CRT control register 2 
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TV screen 
G(Green) G+B B( Blue) R(Red) 
(Cyan) 1 
3 4 


Character LL) 3h IN 


background G+B R 
B( Blue) (Cyan) (Red) 
CRT control register 2 


Color registers (addresses 00E6;., to OOE9,,) (address 0208,.) 


ers | eaa | oes | ore | oni | ono 
a ee ores 


pow 
0 1 | (B) (G) (R) 


Character 














aria 
or 


Note : If an outline character and a character background color character 
from the same row are output, and if a character background color is 
applied to a character which touches the 12X16 dot frame, one dot 


of the outline of that character will be output. Unwanted dots to be aware of 


Specific example to be aware of 


Y, 


3 
sok 
OO 


PO GG? 
BS 


OOS OOOO od 
DODOAAADSD CI , 


, 


O 


©) 
OX) 
% 


, 


O 
“2 06 
SO 


FeV eVeF eV .VeVeFe, 
OSG 
SPOS 

OOOO OOD 


7 
re 


\A 
XXX 
G 
SOOO 


mS 
Sy, \/ 
BS 20) 


7 





Fig. 46 Display example 
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(12) Scroll Function 

@ Scroll mode 

The M37204M8-XXXSP allows the display area to be gra- 
dually expanded or shrunk in the vertically direction in units 
of 1H (H: Hsync signal). There are three modes for this 
scroll method. Each mode has DOWN and UP modes, pro- 
viding a total of six modes. 

Table 13 shows the contents of each scroll mode. 

@ Scroll speed 

The scroll speed is determined by the vertical synchroniza- 
tion (Vsync) signal. For the NTSC interlace method, assum- 
ing that 

V=16.7ms 262.5 Hsync Signals per screen 

we obtain the scroll speed as shown in Table 14. 

Scroll resolution varies with each scroll mode. In mode 1 
and mode 2, one of three resolutions (1H, 2H, 4H) can be 
selected. In mode 3, scroll is done in units of 4H alone. 


Scroll mode register 
(address 00ED;.) 


Mode selection bits 
00 : Scroll disable 
01 : Mode 1 
10 : Mode 2 
11 | Mode 3 








Direction mode selection bit 
0 : DOWN mode 
1 : UP mode 








Scroll unit selection bits 
00 : 1H unit 
01 : 2H unit 
10 : 4H unit 





Stop mode selection bit 
00 : Stop at the 312th H 
01 : Stop at the 156th H 
10 : Stop at the 256th H 
11: Stop at the 128th H 





Fig. 47 Structure of scroll mode register 
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Table 12. Scroll operation in each mode and the values of scroll mode register 


Scroll mode register 


Scroll operation 











Appear from 


upper side 








Erase from 





lower side 














Erase from 


upper side 








Appear from 





lower side 

















Erase from both 


upper and lower side: 


Ue Se eer ee ae 











“fi 2 XX ty 


Appear to both 





upper and lower side _ : 














Table 13. Scroll speed 


Scroll resolution . Scroll speed (in all picture) 
1 H~ unit 16.7 (ms) X262.5+ 1 + 4 (s) 
2 H_ unit ; 16.7 (ms) X262.5-+ 2 + 2 (s) 
4 Hunt | 16.7 (ms) X262.5+ 4 = 1 (s) 

















Table 14. Scroll mode and scroll resolution 


Scroll | 
Scroll speed 
resolution 
1H Unit about 4 second 
2H Unit about 2 second 
4H Unit about 1 second 


4H Unit about 1 second 
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INTERRUPT INTERVAL DETERMINATION 

FUNCTION 

The M37204M8-XXXSP incorporates an interrupt interval 

determination circuit. This interrupt interval determination 

circuit has an 8-bit binary counter as shown in Figure 48. 

Using this counter, it determines a duration of time from the 

rising transition (falling transition) of an input signal pulse 

on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 

The following describes how the interrupt interval is deter- 

mined. 

1. The interrupt input to be determined (INT1 input or 
INT2 input) is selected by using bit 2 in the interrupt 
interval determination control register (address 
00D8,,). When this bit is cleared to “0”, the INT1 input 
is selected; when the bit is set to “1”, the INT2 input is 
selected. 

2. When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to “0”, determination is 
made of the interval of a positive polarity (rising 


transition); when the bit is set to “1”, determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to “0”, a 64us clock is selected; when 
the bit is set to “1”, a 32us clock is selected (based on 
an oscillation frequency of 4MHz in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64yus or 32 
us). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7,,) and the counter is im- 
mediately reset (00,¢). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from “004.” 

When count value “FE,” is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
“FF,,” to the determination register. 


\ 


Control : 
circuit 8-bit binary up counter 
RE, 


Digital 
A Interrupt interval determination circuit 
ilter 


Address 00D7i¢ 


Data bus 


Note : The pulse width of external interrupt INT1 and INT2 need more than 5 machine cycles 


Abbreviations 


RE», RE,, REo : Bit2, bit1 and bitO of interrupt space distinguish control register, respectively 


Fig. 48 Block diagram of interrupt interval determination circuit 
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interrupt space distinguish control register 
(Address 00D8;.¢) 


Remote control determination circuit operation selection bit 
0 : Operation stop 
1 : Operation start 


Standard clock selection bit 
0 : 64us (At f(Xin) =4MHz) 
1 : 32us (At f(Xin)=4MHz) 


External interrupt input pin selection bit 
0 : INT1 input 
1 : INT2 input 


INT1 pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 


INT2 pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 





Fig. 49 Structure of interrupt space distinguish control register 


RUNAWAY DETECTION FUNCTION 

The M37204M8-XXXSP has a decode function for unde- 
fined instructions, to detect runaway. 

If an opecode that is not defined in the instruction codes is 
input to the CPU, this function generates an undefined in- 
struction decode signal from the CPU, the generation of 
this signal activates an internal reset, and the program res- 
tarts from the reset vector. 

If the microcomputer is in single-chip mode and bit 4 of the 
CPU mode register is “0” (CM>=CM,;=CM,=0), the ¢ 
output pin is switched to reset output to post the generation 
of the reset to the outside as well. 

Note that this function cannot be disabled. 
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RESET CIRCUIT 

The M37204M8-XXXSP is reset according to the sequence 
shown in Figure 50. It starts the program from the address 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFE,, as the 
low order address, when the RESET pin is held at “L” level 
for no less than 2us while the power voltage is 5V+ 10% 


RESET 


Internal RESET 


SYNC et 


Address 


and the crystal oscillator oscillation is stable and then re- 
turned to “H” level. The internal initializations following re- 
set are shown in Figure 51. 

An example of the reset circuit is shown in Figure 52. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


CXL X00. 5 X00.S-DR0. S-AKFFFE XK FFFEX AB) 


— Reset address from the vector table 


sai CK? MPC PEL PSX AD. X ADs ) 


32768 count of f(Xin) (Note 3) 


Fig. 50 Timing diagram at reset 





: Frequency relation of f(Xin) and ¢is f(Xin)=2° ¢. 

: The mark “?” means that the address is change- 
able depending on the previous state 

: Immediately after a reset, FF, is automatically set 
in timer 3 and 074. in timer 4 and timer 4, timer 3 
and the clock (f(Xj,) divided by 16) are con- 
nected in series 
Reset state is canceled by the overflow signal of timer 
4 
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Fig. 51 


Port PO direction register 
Port P1 direction register 
Port P2 direction register 
Port P3 direction register 
Port P4 direction register 
Port P5 direction register 
Port P6 direction register 
PWM output controi register 1 


PWM output control register 2 


Interrupt space 
distinguish register 


Interrupt space 
distinguish control register 


Special mode register 1 
Special mode register 2 
Serial 1/01 mode register 
Serial 1/02 mode register 
Horizontal position register 
Color register 0 

Color register 1 

Color register 2 

Color register 3 

CRT control register 
Display block counter 
CRT port control register 
Scroll control register 

A-D control register 1 
Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer 12 mode register 
Timer 34 mode register 
CPU mode register 
Interrupt request register 1 
Interrupt request register 2 
Interrupt control register 1 
Interrupt control register 2 
Port control register 

Shift register input control register 


CRT control register2 


CRT clock selection register (0 2 0 916) - 


Processor status register 


Program counter 


Address 


(00C 14.) 
(00C 34.6) 
(00C Si): 


(00C7 46) 


(00C 946) - 


(0 0 CB) 


(0 0 CDi): 
(0 0D 5 ie)" 


(00D 646) 


(00D 746) 
(00D 846) 
(00 DAig)* 
(0 0 D Big): 


(0 0DCi.) 
(0 0DE 4.) 


(00 E O46): 


(0 0 E 646) 
(0 0 E 746) 
(0 0 E 846) 
(0 0 E 946) 


(0 0 E Aye): 


(0 0E Big) 


(0 0ECi¢)- 


(0 0 E Dig) 
(0 0E Fi) 


(0 0F O46) - 
(0 0 F 146): 
(0 OF 246) 


(0 OF 346) 


(0 OF 4 46)" 
(0 0 F Sie) - 
(O0F Big) - 
(OOF Cy) - 
(0 0 FD.) - 
(0 OF E4¢)* 
(0 0F Fig) - 
(0 20 646) 
(0 20 746): 


(0 2 0 Bie) 


(PS) 


(P Cu): 


(PC,) 


ft 


0016 


~|_Jo]o}o}oJo]ojo 


0016 


~{fofo}olo}o| | 


0046 


Hn 


0016 


SERGEUEE 


0046 





e 


0016 


“LI 12} 0] 0} 0/0] 
“LL lo) 0] 0/0] o| 


“LL Lolo] o]o/ 0/0 
‘L_|_J9}0/o/olo]o 
LL Jo//0/0/0}0 
“LJ Jojo] o]ojo}0 


0046 


= 
ee 


oi 





0716 


FFi¢ 


Me 


So 
aa 












































Contents of address | 
FFFF 16 
Contents of address 
FFFE16 

















- Since the contents of both registers other than those Itsted 


above and the RAM are undefined at reset, it is necessary to 


set initial values 


At reset, “O” is read from all bits which 1s not used 





Internal state of microcomputer at reset 


Supply voltage OV 


Reset input 
voltage OV 





M37204M8-XXXSP 


Fig. 52 Example of reset circuit 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit 1/O port with CMOS output. 

As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00C0j.. 
Port PO has a direction register (address 00C1,6) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 


‘med as output, the output data is latched to the port 


register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 
(bit O and bit 1 at address OOFB,,) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 

In these modes it functions as address (A7—Ag) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A,5— 
Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D,— D7) 
input/output port. Refer to the section on processor 
modes for details. 

Port P3 

Port P3 is a 7-bit |/O port with function similar to port 
PO, but the output structure of P35, P3, is CMOS output 
and P3,—P3, is N-channel open drain. 

P32, P33 are in common with the external clock input 
pins of timer 2 and 3. © 

P3,, P38. are in common with the external interrupt input 
pins INT1, INT2 and P32, P35, P3, with the analog input 
pins of A-D converter A-D6, A-D1, A-D2. 

In the microprocessor mode or the memory expansion 
mode, P39, P3, works as R/W signal output pin and 
SYNC signal output pin respectively. 


(5) 


Port P4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial 1/O1 function is selected, P4)>—P4, work as in- 
put/output pins of serial |/O1. When a serial !/O2 func- 
tion is selected, P4,—P4, work as input/output pins of 
serial |/O2. 

In the special serial |/O mode, P4,, P4, work as SDA, 
SCL pins. P4,, P47 are in common with PWM9 and 8 
output pins. 

OSC1, OSC2 pins 

Clock input/output pins for CRT display function. 
OSC1, OSC2 are in common with the analog input pins 
of A-D converter A-D4, A-D5. 

OSC1, OSC2 are in common with the input port P7p, 
P7,. 

Hsync, Vsync pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display 

Vsync IS a vertical synchronizing signal input pin for 
CRT display. 


-R, G, B, |, OUT pins 


This is a 5-bit output pin for CRT display and in com- 
mon with P5.—P5g.. 

Port P6 

Port P6 is an 8-bit 1/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

This port is in common with 8-bit PWM output pin 
PWM0O—PWM7. 

D-A pin 

This is a 14-bit PWM output pin. 

¢ pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the X;y and Xour pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going “H”. 
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Port PO, P1, P2, P39, P3;, 


a Direction register +i 
Riek Port latch * 


(ice * 
a: 


Port P3.— P3e, P4)— P4, 


—s Direction register _ 
el Port latch = 


J 


, 4 















if CMOS tri-state output 


Data bus ( ) Port PO, P1, P2, P3p, P3, 









N-channel open drain output 













() Port P3,—P36., P4p—P4s 
Data bus Note - P32, P33 may also be used as 
timer inputs 
P34, P3g, may also be used as 
external interrupt inputs 
P32, P3s, P35, P42, P43 may 
also be used as input pins for 
A-D converter 
P4,—P4s5 may also be used as 
serial |/O pins 


Port P4,, P47, P6 N-channel open drain output 












Direction register 


a a = 
4 


4 






( ) Port P4g, P4,, P6 


Data bus Note : P4,, P47, P6 may also be used as 


8-bit PWM output pins 
P4,, P4; may also be used as 
serial I/O pins 


Hsynoc, Vsynce Schmitt input 





¢, R, G, B, |, OUT 


CMOS output 


Data bus Hsync; Vsyne 


¢, R, G, B, |, OUT 
Note : R, G, B, 1, OUT pin may 


also be output port 
P5.—P5. 


Fig. 53 Block diagram of ports PO—P6 (single-chip mode) and output format of ¢, R, G, B, | OUT 
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PROCESSOR MODE 

By changing the contents of the processor mode bits (bit 0 
and 1 at address 00FB,,), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports PO—P3 can be used as address, and data in- 
put/output pins. 

Figure 55 shows the functions of ports PO—P3. 

The memory map for the single-chip mode is shown in Fi- 
gure 2 and for other modes, in Figure 54. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
M3/7204M8-XXXSP into memory expansion mode. 

The three different modes are explained as follows: 


Internal ROM 





(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO—P3 will work as I/O ports. 

(2) Memory expansion mode (01) 
The microcomputer will be placed in the memory ex- 

- pansion mode after connecting CNVss to Vcc and in- 

itiating a reset or connecting CNVsg to Vss and the pro- 
cessor mode bits are set to “01”. This mode is used to 
add external memory when the internal memory is not 
sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and its I/O port function is lost. 
Port P2 becomes the data bus of D7—Dg (including in- 
struction code) and loses its I/O port function. Port P3, 
and P3, works as R/W and ¢. 

(3) Microprocessor mode [10] 
When CNVgg iS connected to Vss and the processor 
mode bits are set to “10”, the microcomputer will auto- 
matically default to microprocessor mode. In this mode, 
the internal ROM is inhibited so the external memory is 
required. Other functions are same as the memory ex- 
pansion mode. The relationship between the input level 
of CNVss and the processor mode is shown in Table 





NN 
\\ 14, 
ie N 
2000,¢ we \ Note : Use the M37204M8-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
033F WNW program development. 
«WS The standards is assured only in the single-chip 
Internal RAM Internal RAM mode. 
0100,, 
Special Mineon Special wunenen 
00C01. registers registers 
Internal RAM Internal RAM 
000016 
Memory expansion Microprocessor mode 
mode 
The shaded area is external memory area 
Fig. 54 External memory area at each processor mode 
MITSUBISHI 
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Memory expansion Microprocessor 
mode mode 


ff Lf 
Ports P0;,—P0) 


Addresses 
A7—Apo 











Single-chip 
mode 


















Port PO 







eee P0,—P0, Same as left 


x 1/O port | 






















Port P1 Ports P17—P16 


x 1/O port 


Ports P17—P 1p 


Ais—Ag 


Same as left 
































SL fo Lt 
Port P2 Ports P2,—P2p Ports P27—-P2o Same as left 
Ports P32—P3., Ports P3.— P36. 
X 1/O port X 1/O port 
Port P3 






Same as left 








Port P3, Port P3, 


SYNC 


Port P. 30 









1/O port 








Port P35 
x 1/O port 


Fig. 55 Processor mode and function of ports PO—P3 (CM,, CM, : Bit 1 and bit 0 of CPU mode register) 






R/W 


Table 15. Relationship between CNVszg pin input level and processor mode 













Explanation 






* Single-chip mode 
* Memory expansion mode 
¢ Microprocessor mode 


¢ Memory expansion mode | The memory expansion mode is set by the reset 


The single-chip mode is set by the reset All modes can be selected by changing the pro- 
cessor mode bit with the program 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
58. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, timer 3 and 
timer 4 are connected automatically and FFi, is set in the 
timer 3, 071, is set in the timer 4, and timer 3 count source 
is forced to f(X,y) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock ¢ keeps its “H” level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. : 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 56. 


Interrupt request 


FB 


Interrupt 
disable flag | 


WIT 
instruction 


STP instruction 


Xin Xout TIM3 
T34M>, T34M, : Bit 2 and bit 0 of timer 34 mode register 





Fig. 58 Block diagram of clock generating circuit 


The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 57 
Xin is the input, and Xoyz is open. 


M37204M8-XXXSP 
Xin 





Fig. 56 External ceramic resonator circuit 


M37204M8-XXXSP 
Xin 


External oscillating 
circuit 





STP instruction 
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DISPLAY OSCILLATION CIRCUIT 

The CRT display clock oscillation circuit has built-in RC 
oscillation circuits, so that a clock can be obtained simply 
by connecting an RC circuit between the OSC1 and OSC2 
pins. 

An internal clock can also be used as the CRT display 
clock, in which case the OSC1 and OSC2 pins can be used 
as P79, P7,, AD4, and AD5 input pins. 


-OSC1 _-OSC2 


Example of oscillation 
(reference values) 
C1=22pF 
C2=15pF 
Rf( variable resistance) =1kQ 
fornr==7M Hz 








Fig. 59 Display oscillation circuit 


AUTO CLAER CIRCUIT 
When power is supplied, the auto-clear function can be 
performed by connecting the following circuit to reset pin. 


Circurt example 1 


Circuit example 2 


Note - Make the level change from “L” to “H” at the point at 
which the power voltage exceeds the rated voltage 


Fig. 60 Auto clear circuit example 








PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n-+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. , 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.1uF) directly between the Vcc pin and 
Vss pin using a heavy wire. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders 

(1) mask ROM order confirmation form 

(2) mark specification form 

(3) = T@) \V, ime fs | ¢: Re errr EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 













Tv; | input votage GRvs SSS 


aa Input voltage POj—PO07, P1p>—P17, P29>—P27, P39—P3e, 


Vcc 

Vi 

V; P49—P47, P69—P67, P7»-P77,A-D1—A-D8 
Vo 

Vo 

lou 















With respect to Vss 







Output transistors are at “off” state 
Hsync, Vsyne, RESET, Xin, OSC1 
Output voltage PO9—P07, P19—P17, P29—P27, 
P39—P3—, P4p—-P4s5, R, G, B, |, OUT, 
D-A, Xour, OSC2 


Output voltage P45, P47, P6g—P67 
Circuit current R, G, B, 1, OUT, POg—P07, 
| P1o—P17, P2o—P23, 
P39, P3,, D-A 














Circuit current R, G, B, |, OUT, POQg—P07, 
P19—P17, P29>—P23, 
P39—P3.5, P49>—P43, D-A 


| love | Cirourt current P66? P45 Pa 
| lous | Ciroutcurrent Pay PAs 
Pa. | Power dntipston ee 
Operating temperature 

Note 1 : The total current that flows out of the IC should be 20mA (max ) 


2 : The total of lox;, love and lo.4 should be 30mA (max ) 
3 : The total of lo. of port P2,—P2, should be 20mA (max ) 


lout 














RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10 to 70°C unless 


Supply voltage (Note 4) During the CPU and CRT operatton 4.5 5.5 


“H” input voltage PO o— P07, P19—P17, P2o—P2z7, 
P3y—P3e, P4p—P4s, P4e,P4z, 

P6 — P67, P79, P71, Hsync, Vsync;, 
RESET, Xin, OSC1 


“L” input voltage POg—P07, P19—P17, P29—P27, 
Vit p g 0 7, Fo 7, Po 7 0 0. 4Vco Vv 
P39, P31, P35, P40, P43—P4s5, P47, P70, P71 
“L” input voltage P3.—P3,, P3¢, P4;, P42, P44—P 4g, 


Hsync; Vsync, RESET, Xin, OSC1 
“H” average output current (Note 1) R,G,B,1,OUT,PO9>—P0r, 

















Vin 







































lon 1 mA 
P1 oP 7 P29—- P27, P3p, P3,,D-A 

“L” average output current (Note 2) R,G,B,Il,OUT,PO9— P0,, 

eee P19—P17, P2o—P2g, P3yp—P3¢, P4y—P43, 2 mA 
D-A 








“L” average output current (Note 2) P69—P67, P4¢, P47 = hae 1 mA 
“L” average output current (Note 3) P2,—P2;7 A ool 
“L” average output current (Note 2) P44, P45 ee 

tere. | Osallating trequenoy (for CPU operation) (Now 5) | 3.6 | 40 | 6.0 | MMe 
eo eee eer 
Input frequency: P3,—P3,, P35, PAs PT | 100 


Input frequency P4, 


Note 1 : The total current that flows out of the |C should be 20mA (max ) 
2 : The total of lox, love and lor, should be 30mA (max.) 
3 : The total of Io, of port P2,—P2, should be 20mA (max ) 
4 : Apply 0.022«F or greater capacitance externally between the Voc—Vss power supply pins so as 
to reduce power source noise 
Also apply 0. 068F or greater capacitance externally between the Vcc CNVssg pins 
5 : Use the crystal oscillator or ceramic resonator for CPU oscillation circuit 








—0.3 to Vec +0. 3 


—0.3 to Veco t+0. 3 














—0.3 to 13 





0 to 1(Note 1) 







0 to 2( Note 2) mA 








otherwise noted) 
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ELECTRIC CHARACTERISTICS (Voc=5V+10%, Vss=0V, Tag=—10 to 70, f(Xy)=4MHz unless other wise noted) 


Parameter Test conditions 
Parmeter | Typ | Max __ 












































































Voc=5. 5V, fC Xin) =4MHz 
CRT OFF 
loc Supply current Voc=5. 5V, f( Xin) =4MHz 
CRT ON 
At stop mode ee al 
: o “H” output voltage POg—P07, P19¢—P17, P29—P2z, Voc=4. 5V aa 
ait P3p, P3;, R, G, B, |, OUT, D-A lon=—0. 5mA ti 
“L” output voltage POg—P07, P19g—P17, P29—P23, 
p g 0 7, Flo 7 Feo 3 Vec=4. 5V 
P3o— P36, P49—P 4s, 
lo. =0. 5mA 
R, G, B, |, OUT, D-A 
“L” output voltage P69—P67, P4., P47 Voc=4. 5V 
VoL lo. =0. 5mA 
“L” output voltage P2,—P2, Voc=4.5V is 
aos loL=1 0. OmA 
“L” output voltage P44, P45 Voco=4. 5V 
lop =3. OmA 
| Hysteresis RESET Voc=5. OV 
Vr+—Vr— Hysteresis (Note 1) Hsyne; Vsyne; P3.— P34, 
Voc=5. OV 
P3.5, P49 —P42, P44—P45 
“H” input leak current RESET, P0o— P07, P19—P17, 
Voc=5. 5V 
P29—P2,, P3o—P3z, P49—P4s, 
Vo=5. 5V 













AD1i—AD8 






“H” input leak current 
P69—-P67, P46, P47 
“L” input leak current RESET, POo— P07, 
P19—P17, P29—P27, P89p—P3g, 

P4)—P47, P6g9—P67, AD1—AD8 















Voc=5. 5V 
Vo=0V 


Note 1. P32—P3,4, P3g have the hysteresis when these pins are used as interrupt input pins or timer input pins 
P49>—P4., P44—-P4,_ have the hysteresis when these pins are used as serial I/O ports. 
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DESCRIPTION 
IN N RATI TOP VIEW 
The M37250M6-XXXSP is a single-chip microcomputer de- P CONFIGU ON ( 0 ) 
‘signed with CMOS silicon gate technology. It is housed in a eines 
64-pin shrink plastic molded DIP. This single-chip micro- display Osc1 > [1] 
. : , Oscillation output for 
computer is useful for the high-tech channel selection sys- display OSC2 — 
tem for TVs and VCRs. P36/INT2/A-D2 +> 
- oi . , Zo Par P35/A-D1 + 
In addition to their simple instruction sets, the ROM, RAM, P3 5 
and |/O addresses are placed on the same memory map to ia eae 
ble eas rogramming Mode switching output MO «— 
= yP P69/PWMO «> 
Weteatne P6,/PWM1 
FEATURES Poe oa pW 
@ Number of basic instructions::::::-11rrsrrereteeert 69 P63/PWM3 «> 
r ) Memory size ROM SET TR Te ER Re 24576 bytes Veco 
RAM See Siv.e:8. be s80%% 318.8 ere ee Wigs eS we wiere Ble eee. 384 bytes Phase detect output P/D<— he oe = 
@ Instruction execution time Voc = 4 
seeeeeees 1s (minimum instructions at 4MHz frequency) mle aaa ies ~ 
r Single power supply bow ieov'e Gs 106 9:00. 6: bia ei oieete. 8! 6/e ei 8 We tesa 0%s we eth.e 5V+10% oes 3 
@ Power dissipation 0 port P3 4°” = 
Normal operation mode (at 4MHz frequency) P3, +> > 
--+137.5mMW (Voc=5.5V, CRT display, PLL operating) P4,/Sapv2/PWMB8 + x 
@ Subroutine nesting <r ee 96 levels (Max. ) P46/Sino/PWM9 + = p 
@ Interrupt Rie e.a 0:86.65 0.6 br0e Si ONb 0 8 w WS B66 Wie he erste es eee we 15types, 15vectors P45/Scike > 4 1/0 port P1 
e 8-bit timer Aer er er ee ee 6 P4,/Sourte2 _ 
@ Programmable I/O ports P43/Srpyi ** 
(Ports PO, P1, P2, P3, P4, PG) -vrcseeeteeteeteettteeeeeees 43 ete + 
e@ Output port (Port P5) Na Sk Slated ties ha aah actcecch cen menace leat Sade are 5 17CLK1 
@ PLL : P40/Sout1 ** 
P unction CNVss — 
Programmable divider aiidigeey6:.0'6 6.6 Lele ese BieCS 66) ie ye eve 16\e'e wide ee ass 14-bit Timing output t= dé 
Swallow counter OO OT RR OT eC Ee 5-bit Reset input RESET mat ny: P2,/PWM4 fel 
e@ Serial 1/0 (8-bit) bb fala btSt wt IS Gile Siie ve eKereiw Sip Wiee Tele iG 8S Aa W186 656 Wie levee cele Slee wlaugsei a es 2 Clock input -> P2./PWM5 
@ Special serial |/O for master transfer* -----7---7 ee 1 Ie aneus ++ P2,/PWM6 
@ PWM FUNCTION correre teeter eet een eee eee enes 8-bitX 10 <> P2,/PWM7 
@ A-D converter (4-bit resolution) ---::::-:-7+0* 2 channels 
@ 72-character on screen display function Outline 64P4B 
Number of character--:::------+--: 24 characters X3 lines 
Kinds of character © a5 we Ov9 Sie ove. 8 ele: 8 80/80 ple’ o 50 b: Sr 0b. we, @ 6 “G6 850608 0 ee we 126 
APPLICATION 
TV, VCR 


* : Purchase of Mitsubishi Electric Corporation’s 1?C components converys a license under the Philips IC Patent Rights to use these 
components in an |?C system, provided that the system conforms to the I?C Standard Specification as defined by Philips. 
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Clock 
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circuit 


Data bus 


RAM 
384 bytes 


Address bus 


Processor 
status 
register 


lini 









7S ara port P1 
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Reset 
input (5V) (OV) OV) (Vv) (OV) 
RESET Vcc Vss CNVss Veco Vsse 





cd il 


L | 


Program Program 
counter counter 
PC1(8) PC, (8) 


Index 
register 


Te bet 





register 


I/O port = wore rr ae port P3 
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FUNCTIONS OF M37250M6-XXXSP 


PNumberofbasiomsiuctins SS SSC~“~“~*~‘“‘—*~*~*~—iSC“‘CSSCSCSC“‘CNNSNNSNCN”SCSC‘“‘#SNSNCNSC“CNSNC*S 
| Clock frequency 
aan | eeeeememcumnnane eee neon 
Memory size 
8-bitX2 (CMOS output) 
fp2 sits 8-bitX1 (CMOS output, can be used as PWM output pins) 
[PPS | 
| 











P3, P3; 2-bitX1 (CMOS output) 


/O 
/ 
1/0 

5-bitX1 (CMOS output, can be used as timer input pins, INT1, INT2 input 

P32 to P35 1/0 
pins and A-D input pins) 
( 

/O 
/O 







Input/Output ports 
if a 8-bitX 1 


P4 
me output pins) 
5-bit X 1 (N-channel open drain output, can be used as R, G, B, |, OUT 
Output 
pins 


4-bitX1 (N-channel open drain output, can be used as PWM output pins) 


Three external interrupts, ten tnternal interrupts, 


CMOS output, can be used as serial I/O function pins and PWM 

























Interrupt 


5v310% 
137. 5mW (clock frequency Xjjy=4MHz, Voc=5. 5V, Typ ) 
55mW (clock frequency Xij=4MHz, Voc=5. 5V, Typ ) 
12V (Port Pas, P47, Py to P6s) 


Operating temperature range —10 to 70C 
Device structure CMOS silicon gate process 
Number of character 24 characters X3 lines (maximum 16 lines by software) 

CRT display function 
Kinds of character 126 (12X16 dots) 







one software interrupt 
One built-in circuits (externally connected quartz crystal oscillator) 










Power dissipation 







Input/Output characteristics 
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PIN DESCRIPTION 


Input/ : 
Functions 
Output 


Voc; Vece, | Supply voltage \ Power supply inputs 5V+10% to Voc and Veco, and OV to Vsg and Vso 






Vss, Vsse2 





RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions) 
lf more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time 























a Clock input This chip has an internal clock generating circuit To control generating frequency, an external quartz crys- 
tal oscillator is connected between the Xjy and Xourt pins If an external clock is used, the clock source 
Clock output should be connected the Xin pin and the Xour pin should be left open 
pe Timing output Output This is the timing output pin 
PQ, to PO; | 1/0 port PO Port PO ts an 8-bit |/O port with directional registers allowing each I/O bit to be individually programmed as 


input or output At reset, this port 1s set to Input mode The output structure 1s CMOS output 


Pig to P17 | I/O port P1 1/0 Port P1 is an 8-bit 1/O port and has basically the same functions as port PO 


P2, to P27 | I/O port P2 1/O Port P2 1s an 8-bit I/O port and has basically the same functions as port PO P2, to P27 are in common with 
PWM output port of PWM4 to PWM7 

















P39 to P38, | I/O port P3 1/0 Port P3 1s an 7-bit 1/O port and has basically the same functions as port PO, but the output structure of P3,, 
P3, is CMOS output and the output structure of P32 to P3g 1s N-channel open drain 

P32, P33 are in common with external clock input pins of timer 1, 2 and 3 P3,, P38. are in common with ex- 
ternal interrupt input pins INT1 and INT2. P35, P3g are in common with analog input pins of A-D converter 








(A-D1, A-D2) 
P4_ to P4, | 1/0 port P4 1/O Port P4 ts an 8-bit I/O port and has basically the same functions as port PO, but the output structure Is 
N-channel open drain 
When serial 1/01 1s used,P49, P4;, P42 and P43 work as Souti, Sctki, Sin1 and Srpyi pins, respectively 
: When serial 1/02 Is used, PA, P45, P4g and P47 work as Sour2, Sctk2, Sin2 and Srapye pins, respectively 
Also P4¢, P47 are in common with PWM output pins of PWM 8 and 9 ‘ 








OSC1, Clock input for CRT This ts the I/O pins of the clock generating circuit for the CRT display function 
display 


OSC2 Clock output for CRT Output 
display 


Hsync input Input This is the horizontal synchronizing signal input for CRT display 
Vsync Input Input This is the vertical synchronizing signal input for CRT display 


CRT output This is an 5-bit output pin for CRT olspley The output structure is CMOS output This ts in common with 
7 port P52 to PS. 


P6_, to P63 | I/O port P6 1/0 Port P6 ts an 4-bit I/O port and has basically the same functions as port PO, but the output structure is 
N-channel open drain This port is in common with PWM output pins PWMO0 to PWM3 


Mode switching output Output This pin outputs the mode switching signal of prescaler 
When fixed dividing mode ts selected, this pin can be used as 71-bit output port 












































P/D Phase detect output The phase detector output level is set to “H” when the phase ts leading the reference frequency, set to “L” 
when lagging, and set to the floating state when in-phase 


Fin Clock input Input This pin inputs clock from the prescaler 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37250 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


CPU Mode Register 

The CPU mode register is allocated to address O0OFB,.. Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 


CPU mode register (address 00DF;,) 


Processor mode bits 
: Single-chip mode 
: Memory expansion mode 
: Microprocessor mode 
: Disable 


Stack page selection bit 
0 : In page 0 area 
1 : In page 1 area 





——-——————. System clock output selection 
bit (note 1) 
0 : Stop (reset-out) 
1 : System clock output 


Note 1 This bit validates in single-chip mode only 
In the other processor mode, the 28th pin always outputs 
the system clock 





Fig. 1 Structure of CPU mode register 
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MEMORY 


¢ Zero Page 


¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area 


Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ Interrupt Vector Area . 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 


RAM 
(192 bytes) 


Zero page 


RAM 
(192 bytes) 


RAM for display | 


(216 bytes) 


ROM for display 
(4K bytes) 


ROM 
(24K bytes) 


Special page 
Interrupt vector area 


(See section on interrupt) 





Fig. 2 Memory map 
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Fig. 3 SFR (Special Function Register) memory map 
INTERRUPTS 

Interrupts can be caused by 14 different events consisting 
of three external, ten internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed as 
described in the stack pointer (S) section above, interrupt 
disable flag | is set, and the program jumps to the address 
specified in the vector table. The interrupt request flag is 
cleared automatically. The reset and BRK instruction inter- 
rupt can never be disabled. Other interrupts are disabled 
when the interrupt disable flag is set. 








with ON-SCREEN DISPLAY CONTROLLER 


Timer mode register 1 


Primer mode register? 


RA 
192 bytes 





All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1, 2, interrupt control registers 1, and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O” The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 
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Table 1. Interrupt vector address and priority. 


1 
FFFDi6, FFFCi6 
FFF9e, FFF816 
Timer 4 interrupt FFF54¢, FFF4i¢ 
1 ms interrupt FFF3,5, FRFF2i¢ 
Timer 3 interrupt FFEF ie, FFEEt. Dg eet eee ee ee 
FFEBs, FFEAn | ts=—“~*~*~*~*~**C:™CCCOCOCOC*d 
el 
Do ee 













Remarks 





Vector addresses 
FFFFig, FFFEi.¢ 














Non-maskable 


+ 


- 





NO 


















Serial 1/O1 interrupt FFE9,6, FFE8i¢ 
Timer 5 interrupt FFE715, FFE6i¢ 
Timer 6 interrupt 


FFE5ig, FFE4i¢ 
BRK instruction interrupt FFDF.ig, FFDEis Non-maskable software interrupt 


7 0 7 0 
Pt | Td tg ft Interrupt request register 1 Interrupt request register 2 
(address 00FC4.) (address 00FD,¢) 

Timer 1 interrupt request bit INT, interrupt request bit 
Timer 2 interrupt request bit INT, interrupt request bit 
Timer 3 interrupt request bit Serial 1/01 interrupt request bit 
Timer 4 interrupt request bit Serial |/O2 interrupt request bit 
CRT interrupt request bit _____________ Ims interrupt request bit 
Vsync Interrupt request bit 


—————— This bit must be set to “0” 
Timer 5 interrupt request bit 


Timer 6 interrupt request bit 0 : Interrupt disabled 
1 ° Interrupt requested 


7 0 
Interrupt control register 1 Interrupt control register 2 
(address OOFEj,) (address OOFF;,) 
Timer 1 interrupt enable bit INT, interrupt enable bit 
Timer 2 interrupt enable bit INT» interrupt enable bit 
——— Timer 3 interrupt enable bit —— Serial 1/01 interrupt enable bit 
Timer 4 interrupt enable bit Serial 1/02 interrupt enable bit 
1Ims interrupt enable bit 


CRT interrupt enable bit 
Vsync Interrupt enable bit 
Timer 5 interrupt enable bit 


Timer 6 interrupt enable bit 0 -: Interrupt disable 
1 = Interrupt enabled 


— ond ——s — 











Fig. 4 Structure of registers related with interrupt 


Interrupt request bit 
Interrupt enable bit 


Interrupt disable flag Tt )- 


BRK tnstruction 


Interrupt request 
reset P q 





Fig. 5 Interrupt control 
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TIMER 

The M37250M6-XXXSP has six timers; timer 1, timer 2, tim- 
er 3, timer 4, timer 5 and timer 6. 

A block diagram of timer 1 through 6 is shown in Figure 7. 
All of the timers are down count timers and have 8-bit 
latches. When a timer reaches “00,,” and the next count 
pulse is input to a timer, a value which is the contents of 
the reload latch are loaded into the timer. The division ratio 
of the timer is 1/(n+1), where n is the contents of timer 
latch. The timer interrupt request bit is set at the next count 
pulse after the timer reaches “00,,”. 

(1) Timer 1 

The count source of timer 1 is selectable from f (Xi) /16 
and the 1,024 second clock (by ims interrupt; it can be 
used at PWM count source generating) and external clock 
from P3./TIM2 pin by timer mode register 1 (address 
O0F44,). 

Timer 1 interrupt request is occurred by overflow of timer 1. 
(2) Timer 2 

The count source of timer 2 is selectable from f (Xin) /16, 
timer 1 overflow signal, and external clock from P32/TIM2 
pin by timer mode register 1 (address 00F4,.). 

Timer 1 can be used as 8 bits prescaler when timer 1 over- 
flow signal is selected as count source of timer 2. 

Timer 2 interrupt request is occurred by overflow of timer 2. 
(3) Timer 3 

The count source of timer 3 is selectable from f(Xy) /16 
and external clock from P33/TIM3 pin by timer mode regis- 
ter 2 (address 00F5;,). 

Timer 3 interrupt request is occurred by overflow of timer 3. 
(4) Timer 4 

The count source of timer 4 is selectable from f(Xjy) /16, 
f(Xiy)/2, and timer 3 overflow signal by timer mode register 
2 (address 00F5;,). 

Timer 3 can be used as 8 bits prescaler when timer 3 over- 
flow signal is selected as count source of timer 4. 

Timer 4 interrupt request is occurred by overflow of timer 4. 
(5) Timer 5 

The count source of timer 5 is selectable from f(X,) /16, 
timer 2 overflow signal and timer 4 overflow signal by timer 
mode register 1 (address 00F4,,) and timer mode register 
2 (address 00F5,,). 

(6) Timer 6 

The count source of timer 6 is selectable from f (Xp) /16 
and timer 5 overflow signal by timer mode register 1 
(address 00F44,). 


7 0 
ecladl a4 Seat pes Timer mode register 1 (address 00F4,,) 


Timer 1 count source selection bit 1 
0 : (Xin) divided by 16 
1 : Internal clock (determined by bit 5) 










Timer 2 count source selection bit 1 
0 : Internal clock (determined by bit 4) 
1 : External clock from P32/TIM2 pin 






Timer 1 count stop bit 
0 : Count start 
1 : Count stop 







Timer 2 count stop bit 
0 : Count start 
1 : Count stop 







Timer 2 count source selection bit 2 
0: (Xin) divided by 16 
1 : Timer 1 overflow 






Timer 1 count source selection bit 2 
0 : 1,024 us clock 
1: External clock from P32/TIM2 pin 








Timer 5 count source selection bit 2 
0 : Timer 2 overflow 
1 : Timer 4 overflow 







Timer 6 count source selection bit 
0 : f(Xiy) divided by 16 
1 : Timer 5 overflow 





7 0 
| | | | | | [|] Timer mode register 2 (address 00F5;¢) 


Timer 3 count source selection bit 
0 : f(Xiy) divided by 16 

1 : External clock from TIM3 

Timer 4 internal count source selection bit 


0 : Timer 3 overflow 
1 : (Xin) divided by 16 
















Timer 3 count stop bit 
0 : Count start 
1 : Count stop 







Timer 4 count stop bit 
0': Count start 
1 : Count stop 







Timer 4 count source selection bit 
0 : Internal clock (determined by bit 1) 
1 : f(Xiw) divided by 2 






Timer 5 count stop bit 
0 : Count start 
1 : Count stop 






Timer 6 count stop bit 
0 : Count start 
1 2 Count stop 







Timer 5 count source selection bit 1 
0 : f(Xin) divided by 16 
1 = Internal clock (determined by bit 7 






of the timer mode register 1) 





Fig.6 Structure of timer 12 mode register and 
timer 34 mode register 
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1,024us clock 


P32/TIM2 () 


: 7 


Selection gate : Connected to 
black colored 
side at reset 


TMR1 : Timer mode register 1 
TMR2 : Timer mode register 2 


The subscript number is the 
bit number 










T 


Data bus 


D 
TMR17 


TMR2, 


8 
imer 1 latch (8) 
8 
Timer 1 (8) 


Timer 3 latch (8) 
8 


eel 





8 


8 


Timer 6 latch (8) i 
Timer 6 (8) 


Note : Pulse width of external clock input from P32/TIM2 and P33/TIM3 need more than 4 machine cycles 


Fig. 7 Timer 1 through 6 block diagram 


Timer 1 
interrupt request 


Timer 2 
interrupt request 


C | Reset 
STP instruction 


Timer 3 
interrupt request 


Timer 4 
interrupt request 


Timer 5 
interrupt request 


— Timer 6 


interrupt request 
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SERIAL 1|/O 

M37250M6-XXXSP has two serial I/O (serial 1/01, serial 
\/O2). Serial 1/01 has the same function as serial |/O2. 

A block diagram of the serial 1/O is shown in Figure 8. 

In the serial 1/O mode the receive ready signal (Sppyz) , 
synchronous input/output clock (CLK;), and the serial !/O 
pins (Souri, Sini) are used as port P4. The serial I/O; mode 
registers (address O0DC,1., OODE,,) are 8-bit registers. Bits 
0, 1 and 2 of these registers are used to select a synchro- 
nous clock source. 

Bit 3 and 4 decide whether parts of P4 will be used as a 
serial I/O or not. 





Xin O 


P43 latch 


P4, latch Lo 
P4,/Seik1 @ 


aw, 
SIO1M3 
P45 latch 


SIO1Mse : 
P4o/Sout1 O & 2 
SIO1M3 


P4,/Sin1 © 


P47 latch PWM8 


circuit 


P47/Srpy2 ay, C 
SIO2M, SB, 


P4, latch SCL 


P4;/Sciko O 


P4, latch SDA 


SIO2M. : 
P4,/Sour2 O a 4 : 
SIO2M,  SB> 


P4,/ 
6 Sinz O SB; 


P4, latch 


Fig. 8 Serial 1/O block diagram 


SIO1Me2 
C) 


Y circuit 
SIO1M, hed eee 


Seria! |/O counter 1 


LSB-MSB 


wy, q Serial 1/O counter 2 (8) 
SIO2M; _—s SB, 


To use P4, or P4, as a serial input, set the diréction regis- 
ter bit which corresponds to P4, or P4, to “0”. For more in- 
formation on the direction register, refer to the I/O pin sec- 
tion. 

Also to use internal clock of serial 1/02, bit 1 of special 
mode register 1 (address 00DA;,.) needs to be set to “1”. 
The serial |/O function is discussed below. The function of 
the serial |/O differs depending on the clock source; exter- 
nal clock or internal clock. 


Data bus 


1/4 11/8 |1/16 
O SIO1M;, 
0 SIO1Mo 


(8) Serial 1/O1 
interrupt request 


F Serial I/O shift register 1 (8) ' 


Serial {/O2 
interrupt request 


LSB++>MSB 


Serial I/O shift register 2 (8) 
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Internal clock — The Sarpy: signal becomes“H”during trans- 
mission or while dummy data is stored in the serial I/O; 
register (address 00DD,., OODF,,). After the falling edge of 
the write signal, the Sppy; signal becomes low signaling 
that the M37250M6-XXXSP is ready to receive the external 
serial data. The Srpy; signal goes “H” at the next falling 
edge of the transfer clock. The serial |/O, counter is set to 
7 when data is stored in the serial I/O; register. At each 
falling edge of the fransfer clock, serial data is output to 
Souti. During the rising edge of this clock, data can be in- 
put from S,yz and the data in the serial I/O; register will be 
shifted 1 bit. 

Transfer direction can be selected by bit 5 of serial 1/0; 
mode register. After the transfer clock has counted 8 times, 
the serial |/O; register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 





Sync clock 


Transfer clock 


Serial I/O, register 
write signal 


Serial 1/O output 


Soutz 
Serial I/O input 
Sinz 


Receivable signal 


Srpy1 


Fig.9 Serial I/O timing 


Sending side 


Serial 1/01 mode register 
Srov1 


Bit 4 Bit 0 


Rae 





bit will be set. 

External clock- If an external clock is used, the interrupt re- 
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
5SO00kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. When using an external clock for trans- 
fer, the external clock must be held at “H” level when the 
serial 1/O; counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial |/O counter 
must be initialized after switching. 

An example of communication between two M37250M6- 
XXXSPs is shown in Figure 10. 


(Do RO: X_ds X_Ds X_Du X_Ds_X De oO» 


Interrupt request bit set 


Receiving side 


Serial 1/01 mode register 


Sroyt 


Bit 4 Bit 0 


a 


Sync clock 





} 


Seik1 


The direction register for pin Srpyi 
should be set to input mode 


Seiki 


The direction register for pin Sini 
should be to input mode 


Serial data 


Fig. 10 Example of serial 1/O connection 
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7 0 
SUES EES Serial 1/01 mode register 
(address 00DC,¢) 


Internal synchronous clock 
selection bit 


00: f(Xiy) divided by 4 

01: f(Xiy) divided by 16 
10: (Xin) divided by 32 
11: f(Xin) divided by 64 


Sync clock selection bit 
0 : External clock 
1 : Internal clock 


- Serial 1/O1 port selection bit 
QO : Port P4o, P4, 


1 = Soutt, Seiki 


Srpy: Signal output selection bit 
0 : Port P4, 


1 + Srov1 
Transfer direction selection bit 


0 : LSB first 
1 : MSB first 


Fig. 11 


Structure of serial |1/O1 mode register and serial |1/O2 mode register 


Serial |/O2 mode register 
(address O00DE,.) 


Internal synchronous clock 
selection bit 


00: f(Xin) divided by 4 

01: f(Xiw) divided by 16 

10: f(Xiy) divided by 32 

11: f(Xiy) divided by 64 
Sync clock selection bit 

0 : External clock 

1 = Internal clock 


Serial |/O2 port selection bit 
0 : Port P4,, P4, 
1 | Special mode (see Fig 14) 


Srpy2 signal output selection bit 
0: Port P4, 
1 : Special mode (see Fig. 14) 


Transfer direction selection bit 
0 : LSB first 
1 : MSB first 
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SPECIAL MODE (I?C BUS MODE) 
M37250M6-XXXSP has a special serial 1/O circuit that can 
be reception or transmission of serial data in conformity 
with I?C (Inter IC) bus format. 

I7C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 

M37250M6-XXXSP’s special serial 1/O is not included the 
clock synchronisation function and the arbitration detect- 
able function at multimaster. 

Operations of master transmission and master reception 
with special serial |/O are explained in the following: 

(1) Master transmission ‘ 

To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address OO0DB,,) to “1” so as 
to special serial I/O interrupt is selected. Then set bit 3 of 
interrupt control register 2 (address OOFF,,¢) to “1” so as to 
special mode serial I/O interrupt is enabled. Clear the in- 
terrupt disable flag | to “O” by using the CLI instruction. 

The output signals of master transmission SDA and SCL are 
output from ports P4, and P4.. Set all bits (bits 4 and 5) 
corresponding to P4, and P4, of the port P4 register 
(address 00C8,,) and the port P4 direction register 
(address 00C9,,) to “1”. 

Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4 
and timer mode register 2. (For instance, if f (Xj) /16 is 
selected as the clock source of timer 4 and “4” is set in 
timer 4 when f(X,\y) is 4MHz, the master transmission clock 
frequency is 25kHz.) 

Set contents of the special mode register 2 (address 
OODB,.). (Usually, “83,,”.) 

Set the bit 3 of serial 1/O2 mode register (address 00DE;.) 
to “1”. After that set the special mode register 1 (address 
OODA;,¢). Figure 15 shows the structure of special mode 
registers 1 and 2. 

Initial setting is completed by the above procedure. 

Write data to be transmitted in the special serial I/O regis- 
ter (address 00D9,,¢). Immediately after this, clear bits 0 


P4, latch 





P4;/SCL () —, 
SIO2M3 
SI/O counter 2 


P4,/SDA ( ) 
SIO2M3, 
SI/O shift register 2 


Data bus 


Fig. 12. Block diagram of special serial I/O 


and 1 of special mode regiser 2 (to “0”) to make both SDA 
and SCL output to “L”. This is for arbitration. The start sig- 
nal has been completed. 

The hardware automatically sends out data of 9-clock cy- 
cle. The 9th clock is for ACK receiving and the output level 
becomes “H” at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 

When the ACK bit has been transmitted, bit 3 of the inter- 
rupt request register 2 is set to “1” (issue of interrupt 
request), notifying the end of data transmission. 

To transmit data successively, write data to be sent to the 
special serial I1/O register, and set the interrupt enabled 
state again. By repeating this procedure, unlimited number 
of bytes can be transmitted. 

To terminate data transfer, clear bits O and 1 of the special 
mode register 2 to “0”, set bit 1 clock SCL to “1”, then set 
bit 1 data SDA to “1”. This procedure transmits the stop 
signal. 

Figure 13 shows master transmission timing explained 
above. 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, set master reception ACK provided 
(26:6) in the special mode register 1 (address OODA;g) , 
and write “FF,,” in the special serial 1/O register (address 
00D9,,¢). This sets data line SDA to “H” and to perform 8- 
clock master reception. Then, “L” is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 

Repeat the above receiving operation for a necessary num- 
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 

Figure 14 shows master reception timing. 


Sync circuit 


Interrupt request 


Shift register 
SB5 
P4, latch 
See Control 
J circuit 
M 
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P4,/SDA 


er Aes He Kee Ke Abe A J bo Yack? eX aor) 


P4,/SDA 


P45/SCL TE east (ale beh eek ae | 


Fig. 13 Master transmission timing 


P4,/SDA 


P4,/SCL 


I ! ' t 1 t ] 
Peck ee ee ea 


Special mode register 1: SB 
(address 00DAi¢) 


Transmission and reception mode 
selection bit 
0 : Reception mode 


1 : Transmission mode 





Synchronous clock selection bit 
0 : External clock 
1 : Timer 4 overflow 








P4,, P4s special mode selection bit 


O- Sout2, Scie signal output 
1 : SDA, SCL signal output 





P4, special mode selection bit 
0 : P4, output 
1 : PWM9 output 








P4, special mode selection bit 
0 : Srpy2 signal output 
1 > PWMB8 output 








Reception data 


' y ! ! 1 
Coeds a eto whe Sebo 


Special mode register 2 : SC 
(address 00DB;,) 


Data line control bit 
0 : SDA outputs “L” 
] ! SDA outputs “H” 


Clock line control bit 
0 : SCL outputs “L” 
1 : SCL outputs “H” 


= ACK recognition bit 


0 : ACK was received 
1 : ACK Is not received 


_——— Wait function 1 enable bit 


0 : Wait function 1 is disabled 
1 : Wait function 1 is enabled 


ete ae ores Wait function 2 enable bit 


0 : Wait function 2 Is disabled 
1 : Wait function 2 is enabled 























ACK operation selection bit 


0 : ACK is not transmitted or received 
1 . ACK ts transmitted and received 


Wait function 1 acceptance display bit 
Q : Wait function 1 Is not accepting 
1 : Wait function 1 is accepting 








Start signal detect bit 
0 : Start signal is not detected 
1 : Start signal was detected 





Wait function 2 acceptance display bit 
0 : Wait function 2 is not accepting 
1 : Wait function 2 is accepting 








Stop signal detect bit 
0 : Stop signal is not detected 
1 : Stop signal was detected 


Fig. 15 Structure of special mode registers 1 and 2 


MITSUBISHI 
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Interrupt selection bit 
0 : Serial 1/02 interrupt 
1 : Special serial 1/O interrupt 
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(3) Wait function 
Wait function 1 holds the SCL line at “L” after the 8th clock 
falis in special mode. Wait function 2 holds the SCL line at 
“L” after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to “1”, to enable the corres- 
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 
(address 00D9,,), or by setting the START signal detection 
bit to “1”. Reset the internal counter for each byte before 
data tranfer. 
The wait functions can be released by setting the corres- 
ponding bit 5 or 6 of the special mode register 2 to “1”. 
Note 1 : Clear the START signal detect bit (bit 6) and the 
STOP signal detect bit (bit 7) of the special mode 
register 1 by writing “1” to bit 6 or bit 7. 


PWM OUTPUT CIRCUIT 

(1) Introduction 
The M37250M6-XXXSP is equipped with ten 8-bit 
PWMs (PWM0O~PWM9Q). PWMO to PWM9 have a 8-bit 
resolution with minimum resolution bit width of 84s (for 
Xin=4MHz) and repeat period of 2048us. 
Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to PWMO to 9 using clock input Xj di- 
vided by 2 as a reference signal. 

(2) Data setting 
Set the 8-bit data for output in the PWM; register (; 
means 0 to 9; addresses 00D0,, to 00D4,¢ and OOF6,, 
to OOFA;.). 

(3) Transferring from registers to latches 
The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 
read allowing the data output by the PWM to be con- 
firmed. 

(4) Operation of the PWMs 
The following is the explain about PWM operation. 
At first, clear the bit 0 of PWM output control register 1 
(address 00D5,,) to “0” (at reset, this bit already clear 
to “0” automatically), so that the PWM count source is 
supplyed. 
PWMO to 3 output pins and PWM4 to 7 output pins are 
in common with port P6 and port P2 respectively, and 
PWM8 and 9 output pins are in common with port P4 
and serial |/O2 pins. 
PWM0 to 7 are selected the pin function by setting of 
PWM output control register 1 (address 00D5,,) and PWM 
output control register 2 (address 00D6,,), and PWM8 and 
9 are selected the pin function by the bit 3 and 4 of special 


mode register 1 (address OODA;¢) and bit 4 of serial 1/02 
mode register (address OODE,,). When these pins are 
set as PWM output pins by these registers, the PWM 
output can be performed. 

Figure 17 shows the timing diagram of PWMO through 
9. One cycle (T) is composed of 256 (2°) segments. 
There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one cycle in the circuit internal 
section. Refer Figure 17 (a). 

Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
0 is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). 

Change in the contents of the PWM latch allows the 
selection of 256 lengths of high-level area outputs 
varying from 0/256 to 255/256. An length of entirely 
high-level output cannot be output, i. e. 256/256. 
Output after reset 

At reset the output of port P2, P4, P6 is in the high im- 
pedance state and the contents of the PWM register 
and latch are undefined. Note that after setting the 
PWM register, the contents of the latch is undefined 
until its data is transferred to the latch. 
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Data bus 






PWMO register 
(address 00D0,.) Selection gate : connected to black 


bt] | of | ft pita : colored side when 
reset 





msa_ | | | tT it CtsB 
PN, P6) D&> PWMO 
O 
ah OE, 
>o PW2 


3 PW4 zi 
Mpa epee warren ep RRC wR ee iiae . Gs oO PWM3 
PW5 at 


' 4 
_b J 4 >—-0 Pw 


PW6 


ob > —-—-0 Pwws 


PW7 


ok 0 Pre 


PNO 


bh D> —-0 Pon 


PNi 


' Srpve P4, iu jo PWM8 


SB4 SIlO2M, 


peg ep ey reer Enya ra aipaas. alae pOrwne 


SB3 
PM : PWM output control register 1 
PN : PWM output control register 2 
D2: Port P2 direction register 
P2: Port P2 register 
D4: Port P4 direction register 
P4: Port P4 register 
D6: Port P6 direction register 
P6: Port P6 register 
SB: Special mode register 1 
S!1O2M : Serial 1/02 mode register 


r-- 


Inside of: —_ 11s as same contents with the others 


lm at 


Fig. 16 Block diagram of the PWM circuit 
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13579 20 30 40 50 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 255 


2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82 86 90 94 98 102106110114 1181221261 301 341381 42146150 154158162166 170174178182186190 194198 20220621021 4218222226 230 234238242246250 254 
132 140 148 156 164 172 180 188 196 204 212 220 228 236 244 252 


136 142 168 184 288 216 232 248 


(a) Pulses showing the weight of each bit 


Contents 
of the latch 


When 0016 (0) 
When 0116 (1) 
When 1816 (24) 


When FFy¢(255)4_t 
T=256t 





When output is PWMO0 to9 1 t=8us T=2048«us 
When f( Xin) =4MHz 


(b) Example of PWM output 





Fig. 17 PWM timing diagram 
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7 0 
| | tf | ff [Pw output contro! register 1 PWM output control register 2 
(address 00D54¢) (address 00D6,.) 


PWM count source selection bit P2./PWM6 output selection bit 
0 : Count source supply 0 : P2. output 
1 : Count source stop 1 : PWM6 output 


P6./PWMO output selection bit P27/PWM7 output selection bit 
0 : P6> output 0 : P27 output 
1 : PWMO output 1 > PWM7 output 


P6,/PWM1 output selection bit PWM output polarity selection bit 
0 : P6, output 0 : Positive polarity 
| : PWM1 output . 1 : Negative polarity 


P6./PWM2 output selection bit This bit must be set to “0” 
0 : P6, output 
1 : PWM2 output 


P6,/PWM3 output selection bit 
0 : P63 output 
1 = PWMS output 


P2,/PWM4 output selection bit 
0 : P2, output 
1 : PWM4 output 


P2./PWM5 output selection bit 
0 : P2s output 
| : PWM5 output 





Fig. 18 Structure of PWM output control register 1 and 2 
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A-D CONVERTER 


. Block diagram of A-D converter is shown in Figure 19. A-D 


converter consists of 4-bit D-A converter and comparator. A-D control register 

The A-D control register can generate 1/16 Voc-step inter- (address O0EF 16) 

nal analog voltage based on the settings of bits 0 to 3. 7 Internal analog voltage 

Table 3 gives the relation between the descriptions of A-D set bit (See table 3) 

control register bits 0 to 3 and the generated internal ana- Comparison result 

log voltage. The comparison result of the analog input vol- 0 : Input voltage < 

tage and the internal analog voltage is stored in the A-D Internal voltage 
; bi 1 : Input voltage > 

control register, bit 4. Internal voltage 

The data is compared by setting the directional register A-D input pin selection bit 

corresponding to port P35, P3, to “0” (port P35, P3. enters 0 + P3s/A-D1 pin 


the input mode), to allow port P35/A-D1, P3.¢/A-D2 to be 1: P8—/A-D2 pin 


used as the analog input pin. The digital value correspond- 
ing to the internal analog voltage to be compared is then 
written in the A-D control register, bit 0 to 3 and an analog 
input pin is selected. After 20 machine cycle, the voltage 
comparison starts. 





Fig. 20 Structure of A-D control register 


Table 3. Relationship between the contents of A-D 
control register and internal analog voltage 


A-D control register 
Internal analog voltage 


yd de a ee Vee | 
On a 
fue 












3/32 Voc 


: 











0 
1 
1 










1 
1 
1 


1 


7 


Data bus 


Comparator control 


A-D control register 


Bit 5 






A-D control 
register 















P35 Analog 
P36 switch 





Switch tree 


Ladder resistance 


Fig. 19 Block diagram of A-D converter 
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PLL CIRCUIT 

M37250M6-XXXSP has a built-in PLL circuit which is 
selectable either fixed dividing mode or swallow mode. 
PLL block diagram is shown in Figure 21. 


(1) PLL control register 

Switching fixed dividing mode/swallow mode, starting PLL 
operation, and selection of reference frequency are deter- 
mined by PLL control register (address 020046) 

When fixed dividing mode is selected by setting the bit 6 
(PL,) of PLL control register to “0”, MO pin becomes 1-bit 
general purpose output port. In this case, the output level of 
MO pin is determined by bit 5 (PLs) of PLL control register 
(address 0200,,). 


(2) Reference frequency generator 

Nine kinds reference frequency are generated by built-in 
reference frequency generator that divides the external clock 
(4MHz), in both fixed dividing mode and swallow mode. 
Reference frequency is determined by bit 0 (PL) to bit 4 
(PL,) of PLL control register. 


PCL register 


PLL latch 19-bit 





PLL control register : PL (address 0200.) 


Reference frequency selection bit 
(See Table 4) 


MO pin output at fixed division mode 
0 : “L” level output 
1 : “H” level output 


PLL mode selection bit 
0 : Fixed division mode 
1 : Swallow mode 


—_——_——— PLL operation control 
0 ° Stop 
1 : Operation 


Fig. 22 Structure of PLL control register | 


SWC register || (address 0203,,) 


Unlock 


id 


(address 0202;.) 


5 =o 
: Selection gate 


At reset, the shaded 
side is connected 


Dat 
<oysctame\ .c=) GRE  H (  G A P OC O  M 


14-bit v 


Programmable counter 


P/D 
©) Ease Reference frequency generator X 
comparator q yg IN 


PL, Pls PL. PL, Plo 


Fig. 21 PLL circuit block diagram 
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(3) Phase detector 
Phase detector is a built-in circuit to detect a phase differ- 
ence between reference frequency (frer) and division of 
VCO output by programmable divider. 
Output of phase detector is input into internal charge pump, 
and outputs the following level from P/D pin. 
e “L” level where frer > fin/N 
e “H” level where free < fin/N 
¢ Floating where frer = fin/N 

fin : Oscillation frequency of VCO 

N : Division ratio of all PLL system include external pre- 

scaler. 


Table 4. PLL control register bit mapping about 
reference frequency 


PLL control register (address 0200j¢) 





Reference frequency 





7.8125kHz 

5. OO0OOkHz 

0. 78125kHz 
3. 125kHz 

1. 953125kHz 
1. 5625kHz 

0. 9765625kHz 
3. 90625kHz 









































(4) Programmable divider 

Programmable divider is a binary down-counter configured 
by 5-bit swallow counter and 14-bit programmable counter. 
Lower 5 bits of 19-bit PLL latch data are preset to swallow 
counter and higher 14 bits of 19-bit PLL latch data are pre- 
set to programmable counter at a time, and it is down- 
counted. 


(5) PLL latch 

Data is set to programmable counter through PLL latch. 

Contents of PLL latch is determinated by following sequ- 

ence. 

¢ Writing contents of swallow counter to SWC register 
(address 0203;¢) 

¢ Writing lower 8-bit of programmable counter to PCL reg- 
ister (address 0202,¢) 

¢ Writing higher 6-bit of programmable counter to PCH 
register (address 02016) 

Each register data is transferred to PLL latch, after writing 

to PCH register. Even when only lower 8-bit of programm- 

able counter or contents of swallow counter need to 

change, be sure to write to PCH register again. 

When reading the addresses 0201;, to 0203;, assigned 

PCH register, PCL register, and SWC register, the contents 

of PLL latch is read 

The contents of PLL latch is indeterminate during reset. 

And this PLL latch contents is indeterminated till the trans- 

fer is completed, even though data are set to PCH, PLL, 

and SWC registers. . 


(6) Unlock flag 
When PLL system is unlock, namely when reference fre- 
quency frer is difficult from division output frequency of 
VCO, the pulse is output synchronized free from phase de- 
tecter. Unlock flag is assigned in bit 7 of SWC register, and 
it is set to “1” by this pulse, and this flag is set to “O” by 
reading. So, reading cycle is necessary to be longer than 
free cycle. If the reading cycle is shorter than frer cycle, 
unlocked PLL system is regard as locking, so that this mic- 
rocomputer may be missing operation. More time than frer 
cycle need to read unlock flag at first, after PLL operation 
starts. 
(7) Programmable divider determination 

method 
When M54470L (division ratio is 1/128 or 1/136) is used as 
prescaler at swallow mode, determination method of prog- 
rammable divider division value is as following. 

fo= 8 * free (S2Np + A) 


fo - Partial oscillation frequency 

freer - - Reference frequency 

Np : Division ratio of programmable counter 
2'*>Np=16 and Np>A- 

A - Division ratio of swallow counter 
31 2A20 


When fixed prescaler (division ratio 1/K) is used at fixed di- 
viding mode, determination method of programmable divid- 
er division value is as following. 

fo = fper ° K ° Np 
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CRT DISPLAY FUNCTIONS 


(1) Outline of CRT Display Functions 

Table 5 outlines the CRT display functions of the 
M37250M6-XXXSP. The M37250M6-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 

Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12X16 dot configuration to 
obtain smooth character patterns. (See Figure 23) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 


Table 5. Outline of CRT display functions 


Functions 


24 characters <3 lines 
12X16 dots (See Figure 23) 


126 











Parameter 









Number of display 
character 


Character 
configuration 










Kinds of character 
Kinds of color 15 (max ) 
Color 
Coloring unt 
Display expansion Possible (multiple lines) 














Fig. 23 CRT display character configuration 


@® Set the character to be displayed in display RAM. 

(@ Set the display color by using the color register. 

3) Specify the color register in which the display color is 
set by using the display RAM. 

@ Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

6) Specify the horizontal position by using the horizontal 
position register. 

© Write the display enable bit to the designated block 


display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync signal. 
The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 25 shows a block diagram of the CRT display control 
circuit. Figure 24 shows the structure of the CRT display 
control register. 


i 0 
TT TT 7 { J [-] CRT control register 


(Address O0EAj,) 
Display of all blocks control bit (Note 1) 
0 : Display of all blocks off 
1 : Display of all blocks on 


Display of block 1 control bit 
0 : Display of block 1 off 
1 : Display of block 1 on 


Display of block 2 control bit 
0 : Display of block 2 off 
1 : Display of block 2 on 





Display of block 3 control bit 
0 : Display of block 3 off 
1 : Display of block 3 on 


Block 1 color select mode switch bit 
0 : Normal mode 
1 : Half character width color 
select mode 





Clock for display stop bit 
0 ° Stop 


1 : Oscillation enable 
a Scanning line double count mode bit 

0 : Normal mode (256 lines) 

1 ‘ Double count mode 





This bit must be set to “0” 


Note 1 


: Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit 


Fig. 24 Structure of CRT control register 
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' : OSC1 OSC2 Hsync Vsync 
@. C) OO 


(Address 00EA;¢) 















CRT control register 


Clock generating 


circuit 
(Address 00E14¢ to 00E3;,) 





Vertical position register 


(Address 00E4;.) 


Character size register 


(Address 00E0,.) 


Horizontal position register 





(Address 00E5,¢) 












Border register 


RAM for display 
11-bit X24xX1 
+ 9-bit X24X2 





12-bit X16X126 


. Border RAM 
Shift — Shift register 


12-bit 






(Address 00E6,6 
to 00E9,¢) 





Color register 





12-bit 





(Address 00EC,,) 


CRT port control register 





Data bus 


O O © OC © 
R G B 


Fig. 25 Block diagram of CRT display control circuit 
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(2) Display Position 

The display positions of characters are specified in units 
called a “block.” There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Te 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 28), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 28), the 
former block is overridden and the latter is displayed. 

The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00;¢ to 7F;, to bits 0 to 6 in the vertical position 
register (addresses 00E1;,¢ to 00E3,,¢). Figure 26 shows the 
structure of the vertical position register. 


Vertical position register 
(Address 00E14. to 00E3,,) 


The vertical display start position 
128-step positions (00,6 to 7F 4.) 





Fig. 26 Structure of vertical position registers 


The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display) by setting values 00. to 
3Fig to bits O to 5 in the horizontal position register 
(address 00E0,,). Figure 27 shows the structure of the hori- 
zontal position register. 


Horizontal position register 
(Address 00E0,¢) 


The horizontal display start position 
64-step positions (00,6 to 3F,,) 





Fig. 27 Structure of horizontal position register 
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(HR) 










cv,-£-~+—-|-- 


Block 1 

i 

CVe STS 
Block 2 

| 


| 
CV3;-4~-~- 
. 


(a) Example when each block is separated 


(b) Example when the display start position of a block overlaps with some other block 


Block 3 


(c) Example when one block 1s displaying some other block is superimposed 





Fig. 28 Display position 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4,,) to set a character size. The charac- 
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 29 
shows the structure of the character size register. 

The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X (1 Tc); the 
medium size consists of [two scanning lines) X {2 Tc); the 
large size consists of (three scanning lines) X (3 Tc); and 
the extra large size consists of (four scanning lines) X [4 
Tc). Table 6 shows the relationship between the set values 
in the character size register and the character sizes. 





Table 6. The relationship between the set values of 
the character size register and the character 
sizes 


Character Width Height 
(horizontal) (vertical) 
size direction direction 





Note : The display start position in the horizontal direction is not affected 
by the character size In other words, the horizontal start position 
is common to all blocks even when the character size varies with 
each block (See Figure 30) 


Extra large 


Display start position 





Fig. 30 Display start position of each character size 


Character size register : i P 
g (horizontal direction) 


(Address 00E4,,) 


Block 1 character size selection bit 
00 : Smail size 
01 : Medium size 
10 : Large size 
11° Extra large size 

Block 2 character size selection bit 
00 : Small size 
01 : Medium size 


10 : Large size 
11 : Extra large size 


Block 3 character size selection bit 
00 : Small size 
01 : Medium size 
10 : Large size 
11: Extra large size 


OUT pin output selection 
0 : OUT signal output 

1: MUTE signal (See (10) CRT Output 
Pin Control) output 





Fig. 29 Structure of character size register 
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(4) Display Memory 

There are two types of display memory: ROM of CRT dis- 
play (3000,, to 3FFF,,) used to store character dot data 
(masked) and display RAM (2000;, to 20D7;,) used to 
specify the colors of characters to be displayed. The fol- 
lowing describes each type of display memory. 

@ ROM for CRT display (30001, to 3FFF4.) 

The CRT display ROM contains dot pattern data for charac- 
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis- 
play ROM) into the CRT display RAM. 

The CRT display ROM has a capacity of 4K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 128 kinds of characters. Actually, however, 
because two characters are required for test pattern use, 
the ROM can contain up to 126 kinds of characters for dis- 
play use. 

The CRT display ROM space is broadly divided into two 
areas. The [vertical 16 dots) X (horizontal (left side) 8 
dots} data of display characters are stored in addresses 


Table 7. Character code list 


Contained up address of character data 
Character code 
Left 8 dots lines Right 4 dots lines 


* : The test pattern are stored 


3000, to 37FF,.; the (vertical 16 dots} X (horizontal (right 
side) 4 dots) data of display characters are stored in 
addresses 3800 , to 3FFF,,¢. (See Figure 31) Note however 
that the four upper bits in the data to be written to addres- 
ses 3800;, to 3FFF,,. must be set to “1” (by writing data 
FO,¢ to FFy¢). 

The character code used to specify a character to be dis- 
played is determined based on the address in the CRT dis- 
play ROM in which that character is stored. 

Assume that data for one character is stored at 3XX0i. to 
3XXFig (XX denotes 00,6 to 7Fig) and 3YYO6 to 3YYFi¢ 
(YY denotes 801, to FFi¢), then the character code for it is 
“XXi6- . 

In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex- 
notated) address (3000,, to 37FF,,.) where data for that 
character is stored. 

Table 7 lists the character codes. 



















Coane ap pantecin dhe 














Fig. 31 





Display character stored area 
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@ CRT display RAM (2000;.¢ to 20D7;.) 

The CRT display RAM is allocated at addresses 2000,, to 
20D7,.¢, and is divided into a display character code spe- 
cifying part and display color specifying part for each block. 
Table 8 shows the contents of the CRT display RAM. 

When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000,,¢ and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080,¢. The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv- 
ance. For details on color registers, refer to (5) Color Reg- 
isters. 

The structure of the CRT display RAM is shown in Figure 
32. Write the character patterns at Table 9 and 10 as test 
pattern, when M37250M6-XXXSP is mask-ordered. 


Table 8. The contents of the CRT display RAM 
Display position (from left) Character code specification 


1st column 200016 2080.6 
2nd column 200116 208146 


3rd column 200216 








Block 1 : ; 
22th column 201546 


23th column 201616 
24th column 201716 


Not used 














1st column 











2nd column 








3rd column 
Block 2 : 








22th column : 
23th column 


24th column 














Not used 





1st column 








2nd column 





3rd column 


22th column 
23th column 
24th column 




















Not used 
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Block 1 
(Character specification) 
7 0 
1st column : 20001, 
to 
a manana 
——— Character code 
Specify 126 characters at 001.6 to 7Di¢6 
(Color specification) 
3 0 
ist column : 208016 
to 
24th column : 209746 
Former half color register specification 
in the normal mode or in the half character 
width color select mode 
: 00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11; Color register 3 specification 
Latter half color register specification 
in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 
Block 2, 3 
(Character specification] . ; 


1st column : 2020. 
to 
24th column : 2037i6 


: 


Character code 
(Address 2040i¢ to 205746 in the case of block 3) Specify 126 characters at 001. to 7Di¢ 


(Color specification) 


_— 
oO 


1st column : 20A04. 
to 
24th column : 20B7i., 


- 


Color register specification 


(Address 20C0j¢ to 20D7;, in the case of block 3) 00% Color tagistex0'Spectiication 


01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


Fig. 32 Structure of the CRT display RAM 
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Table 9. Test character patterns 1 


[__Aasress [bata 


(5) Color Registers 


The color of a displayed character can be specified by set- 








FQig 


3FECi6 F016 
3FEDi¢ F416 


3FEE 16 FOi6 
3FEF 16 F016 


SFE816 


SFEQ16 








Table 10. Test character patterns 2 





37F4i6 
37F5i6 
37F[i6 
37F 816 


37FE6 
37FFi6 





0016 


fo) 
fo) 
ary 
f°) 


0016 
0016 
0016 
0016 
0016 
0016 










[Aaaress | ata 
[arr | Foe 
[—aFF5.e | Fe 
[aFF6.6 | FO. 
[arr re | Fe 
[_SFFo6 | FO. 
[SFA | Fe 
[ara | Fe 
[eFC | Fe 
| 
| 
| 





3FFD4¢ F016 
3FFE4¢ FOi6 






















ting the color to one of the four color registers (COO to 
CO3: addresses 00E6,,¢ to 00E9;,) and then specifying that 
color register with the CRT display RAM. 

There are four color outputs: R, G, B, and |. By using a 
combination of these outputs, it is possible to set 27-1 
(when no output) =15 colors. However, because only four 
color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and | outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 33 shows the struc- 
ture of the color register. 


Color register 
(Address 00E6,._ to 00E9,,) 


| pin output bit 
0 : No character is output 
1 : Character is output 


B pin output bit 
0 : No character ts output 
1 : Character is output 


G pin output bit 
0 : No character is output 
1 : Character ts output 


R pin output bit 
0 : No character is output 
1 : Character is output 


OUT pin output bit (Note) 
0 : No character or blank is output 
1 : Character or blank 1s output 


OUT pin output control bit (Note) 
0 : OUT pin outputs character 
1 : OUT pin outputs blank 


When the character outlining function ts used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 





Fig. 33 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting “1” to bit 4 in the CRT control register (address 
OOEA,,) it is possible to specify colors in units of a half 
character size (vertical 16 dots Xhorizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 
play characters in block 1 are specified as follows: 


Color of the color register 
specified by bit 0 and bit 1 
of address 2080;, 


(a) Display in the normal mode 
Color of the color register 


specified by bit 2 and bit 3 
of address 20801, 


Color of the color register 
specified by bit 0 and bit 1 
of address 20801, 


(b) Display in the half character width color select mode 


Color of the color register 
specified by bit 0 and bit 1 





The left half of the character is set to the color of the col- 
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 2080;¢ to 2097;¢). 

@The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 208016 to 20976). 


“ 


Color of the color register 
specified by bit 0 and bit 1 
of address 2081), 


Block 1 


Color of the color register 
specified by bit 2 and bit 3 


of address 20811. of address 2081,. 


Fig. 34 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 

The M37250M6-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different hori- 
zontal positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 

The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to “O” and set- 
ting the CRT interrupt enable bit=bit 4 at address OOFE.) 
to “1”), then execute the following processing in the CRT 
interrupt handling routine. 


@Read the value of the display block counter. 

@The block for which display is terminated (i.e., the cause 
of CRT interrupt generation) can be determined by the 
value read in ©. 

@Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be displayed 
next. 

Figure 36 shows the structure of the display block counter. 


Display block counter 
(address 00EB;,) 


Indicates number of blocks that are 
being displayed or were displayed 





Fig. 36 Structure of display block counter 


Count value Interrupt 


position 


Block 1 
Block 2 


Block 3 
Block 1’ 





Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 

One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char- 
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two- 
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 128 steps from 001, to 7Fi., or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 64 from 00;, to 3Fi., or eight scanning lines 
per step. 


Vertical position A 


is : Scanning line 16 lines 


(a) Display in the normal mode 





If the contents of the vertical position register for a block 
are set in the address range of 40;¢ to 7Fi, in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
OOEA,,) to “1”. 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis- 
played. 


Vertical position AX2 


Scanning line 32 lines 


(b) Display in the scanning line double count mode 


Fig. 37 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 

A border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 
vertical directions. 

The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 


Table 11. 


Border selection register 













Normal! 


[J] is border 
@ is display by character data 








Fig. 38 Example of border 


Border including character 


R, G, B, | output ae ag 
1 1 Border not including character 
OUT output SLU LW 


Border can be specified in units of block by using the bor- 
der select register (address 00E5,,). Table 11 shows the 
relationship between the values set in the border select 
register and the character border function. Figure 39 shows 
the structure of the border select register. 


The relationship between the value set in the border selection register and the character border function 





R, G, B, | output aa hes 
OUT output ome ig | 

R, G, B, | output Fame a HE 
OUT output colic = bee 


Border selection register 
(Address 00E5;6) 


Block 1 OUT output border selection bit 
0 : The same as R, G, B Is output 
1 : Border 1s output 


Block 1 output switch bit 
Q : Border including character 
1 ° Border only 


Block 2 OUT output border selection bit 
0 : The same as R, G, B Is output 
1 : Border is output 


Block 2 output switch bit 
0 : Border including character 
1 : Border only 


Block 3 OUT output border selection bit 
0 : The same as R, G, B Is output 
1 : Border is output 


Block 3 output switch bit 
0 : Border including character 
1 : Border only 





Fig. 39 Structure of border selection register 
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(10) CRT Output Pin Control 

CRT output pins R, G, B, I, and OUT are respectively 
shared with port P5., P53, P54, P55, and P5g. The output sig- 
nal can control by port P5 direction register (address 
00CB,.¢) for each port. At reset, because the port P5 direc- 
tion register is reset, CRT output pins R, G, B, I, and OUT 
become CRT signal (R, G, B, |], and OUT) output polarity. 
Bits 0 to 4 of CRT port control register (address O0EC;.) 
can determine Hsynco and Vsync input polarity and R, G, B, 
1, and OUT output polarity. 

R, G, B, and OUT signal output can be switched to MUTE 
signal output. MUTE signal can color all displaying area of 
CRT. 

The following is the explain of MUTE signal at MUTE signal 
output from B output pin for example (refer to Figure 40). 
When the MUTE signal is output from B output pin, the all 
displaying area of CRT is colored blue. Then, a character 
data is output from R output pin, for example. If B output pin 
and R output pin are set to “Character is output” by color 
register at the character “|” output, the output character is 
colored “RED” mixed “BLUE” 

In this case, OUT pin output is not influenced. 

At the character “O” output, if only R output pin is set to 
“Character is output”, the output character is colored “RED” 
only that is not mixed “BLUE”. 

However at above case, the OUT output pin is necessary to 
set “Character is output”. 

The display screen can be also clear by setting the OUT 
pin to MUTE output. In this case, the MUTE signal is output 
from OUT pin, that is not influence the setting about OUT 
pin by CRT display RAM. 

R, G, and B output signals are controlled by bits 5 to 7 of 
CRT port control register, and OUT output signal is control- 
led by bit 7 (CS7) of character size register. Then, | output 
pin don’t have MUTE output function. 





Fig. 40 MUTE signal output example 


CRT port control register 
(address 00EC,,) 


Hsync Input polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


Vsync input polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


R/G/B output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 





| output polarity selection bit 
0 : Positive polarity 
1: Negative polarity 


OUT output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 





SSSR pin output switch bit 


0 : R signal output 
1 : MUTE signal output 


pense G pin output switch bit 


0 : G signal output 
1 : MUTE signal output 








[Sea sed oR a BS ea = 
B pin output switch bit 


0 : B signal output 
1 : MUTE signal output 





Fig. 41. Structure of CRT port control register 


One line signal for A-A’ 


— ate MTSUBISH 
Ma ELECTRIC 


CTRIC 


MITSUBISHI MICROCOMPUTERS 


M37250M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 





INTERRUPT INTERVAL DETERMINATION 

FUNCTION 

The M37250M6-XXXSP incorporates an interrupt interval 

determination circuit. This interrupt interval determination 

circuit has an 8-bit binary counter as shown in Figure 42. 

Using this counter, it determines a duration of time from the 

rising transition (falling transition) of an input signal pulse 

on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 

The following describes how the interrupt interval is deter- 

mined. 

1. The interrupt input to be determined (INT1 input or 
INT2 input) is selected by using bit 2 in the interrupt 
interval determination control register (address 
00D8,,). When this bit is cleared to “0”, the INT1 input 
is selected; when the bit is set to “1”, the INT2 input is 
selected. 

2. When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter- 
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to “O”, determination is 
made of the interval of a positive polarity (rising 


transition); when the bit is set to “1”, determination is 
made of the interval of a negative polarity (falling 
transition). 

The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to “O”, a 64s clock is selected; when 
the bit is set to “1”, a 32us clock is selected (based on 
an oscillation frequency of 4MHz in either case). 
Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count- 
ing up with the selected reference clock (64us or 32 
US). 

Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina- 
tion register (address 00D7,,) and the counter is im- 
mediately reset (00,¢). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from “004,” 

When count value “FE,,” is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
“FF 4,” to the determination register. 


Control : 
circuit 8-bit binary up counter 
RE, 


te Interrupt interval determination circuit 


Address 00D7;. 


Data bus 


Note The pulse width of external interrupt INT1 and INT2 need more than 5 machine cycles. 





Fig. 42 Block diagram of interrupt interval determination circuit 


\ 
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Interrupt interval determination control register 
(Address 00D84.) 


Remote control determination circuit operation bit 
0 : Operation stop 
1 : Operation start 


Standard clock selection bit 
0 : 64us (At f(Xin) =4MHz) 
1 : 32us (At f(X,y) =4MHz) 


External interrupt input pin selection bit 
0 : INT1 
1° INT2 


INT1 pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 


INT2 pin input polarity switch bit 
0 : Positive polarity 
1: Negative polarity 





Fig. 43 Structure of interrupt interval determination control register 
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RESET CIRCUIT 

The M37250M6-XXXSP is reset according to the sequence 
shown in Figure 46. It starts the program from the address 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFE;. as the 
low order address, when the RESET pin is held at “L” level 
for no less than 2us while the power voltage is 5V+ 10% 


and the crystal oscillator oscillation is stable and then re- 
turned to “H” level. The internal initializations following re- 
set are shown in Figure 44. 

An example of the reset circuit is shown in Figure 45. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


Fig. 44 


Port PO direction register 
Port P1 direction register 
Port P2 direction register 
Port P3 direction register 
Port P4 direction register 
Port PS direction register 
Port P6 direction register 
PWM output control register 1 


PWM output control register 2 


Interrupt interval 
determination control register 


Special mode register 4 
Special mode register 2 
Serial 1/01 mode register 
Serial 1/02 mode register 
Horizontal position register 
Color register 0 

Color register 1 

Color register 2 

Coior register 3 

CRT control register 
Display block counter 
CRT port control register 
A-D control register 

Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer mode register 1 
Timer mode register 2 
CPU mode register 
Interrupt request register 1 
Interrupt request register 2 
Interrupt control register 1 
Interrupt control register 2 
PLL control register 

Timer 5 

Timer 6 

Processor status register 


Program counter 


Address 


(00C 16) 
(00C 346)° 


(0 0C 546) 


(0 0C 7): 
(0 0C 946)" 


(0 0C Bie) 
(0 0CDi.) 


(0 0D 546): 


(0 0D 66) 
(0 0D 846) 


(0 0 DAi6)* 
(0 0 DBig): 


(0 0DCi¢)- 


(0 ODE 46): 


(0 0 E 046) 
(0 OE 646) 


(0 OE 746)" 
(0 OE 86) - 


(0 OE 946) 


(0 OE Ajg)- 


(0 0 E Big) 
(0 OE Cig) 
(0 OE Fie) 


(0 OF Oj): 
(0 OF 1 46): 
(0 OF 246): 


(0 OF 346) 


(0 OF 446): 
(0 0 F 5i46)*: 


(0 0 F Big) 


(0 0 F Cis) 


(0 0 F Dig) 
(0 0 F E46) 
(0 0 F F 46) 


(0 2 0 046): 


(020 446) 
(0 2 0 5i6) 
(PS) 


(PCy) 
(PC,): 


0016 
0016 
0016 


0016 


= | [o[o]o/ojo| 


FFig 
0716 


FFig ‘ 





“Lf fo 
LL] Jolo}ofo| 
LLI [elofojo| 


FFi6 


0716 





Contents of address 
1 





Contents of address 


ae Roa ia 
= ellie 
al oc 
: reife, 
ree) 

L rej Well Ite elelell_telteteltelte! 2 





Since the contents of both registers other than those listed 
above and the RAM are undefined at reset, it is necessary to 


set initial values 


At reset, “0” is read from all bits which ts not used 





Internal state of microcomputer at reset 


Supply voltage OV 


Reset input 
voltage OV 


M37250M6-XXXSP 





Fig. 45 Example of reset circuit 
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RESET 


Internal RESET 


SYNC a 


Address 2 XL X01 SKO1S-YOLS- 2X FFFE K FFE AB‘) 
— Reset address from the vector table 
Pee C2 XK 2 KecuK Po. PS KX ADK ADs ) | 


32768 count of f(X;) (Note 3) 

: Frequency relation of f(Xiy) and ¢1s f(Xjy)=2° 

: The mark “?” means that the address is change- 
able depending on the previous state. 

: Immediately after a reset, FF, is automatically set 
in timer 3 and 074.6 in timer 4 and timer 4, timer 3 
and the clock (f(Xj) divided by 16) are con- 
nected in series 
Reset is canceled by the overflow signal of timer 
4 





Fig. 46 Timing diagram at reset 
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VO PORTS . 


(1) 


Port PO 

Port PO is an 8-bit 1/O port with CMOS output. 

As shown in the SFR memory map (Figure 3), port PO 
can be accessed at zero page memory address 
00C0i¢. 

Port PO has a direction register (address 00C14.) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to- the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 
(bit O and bit 1 at address OOFB,,¢) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 

In these modes it functions as address (A; to Ao) out- 
put port (excluding single-chip mode). For more de- 
tails, see the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (Aj5 to 
Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

in single-chip mode, port P2 has the same function as 
port PO. Port P2, to P27 are in common with PWM out- 
put pins PWM4 to 7. In other modes, it functions as 
data (Do to D7) input/output port. Refer to the section 
on processor modes for details 

Port P3 

Port P3 is a 7-bit I/O port with function similar to port 
PO, but the output structure of P39, P3, is CMOS output 
and P3, to P3, is N-channel open drain. 

P32, P33 are in common with the external clock input 
pins of timer 2 and 3. 

P34, P3, are in common with the external interrupt input 
pins INT1, INT2 and P35, P38, are in common with the 
analog input pins of A-D converter A-D1, A-D2. 

In the microprocessor mode or the memory expansion 
mode, P39, P38; works as R/W signal output pin and 
SYNC signal output pin. 
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(11) 


Port P4 

Port P4 is an 8-bit I1/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial |1/O1 function is selected, P49 to P43 work as 
input/output pins of serial 1/01. When a serial 1/02 
function is selected, P4, to P4, work as input/output 
pins of serial 1/O2. 

In the special serial 1/O mode, P4,, P4, work as SDA, 
SCL pins. P4,, P47 are in common with PWM8 and 9 
output pins. : 

OSC1, OSC2 pins 

Clock input/output pins for CRT display function. 

Hsync; Vsyne pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync iS a vertical synchronizing signal input pin for 
CRT display. 

R, G, B, |, OUT pins 

This is a 5-bit output pin for CRT display and in com- 
mon with P5. to P5.¢. 

Port P6 

Port P6 is a 4-bit 1/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

This port is in common with 8-bit PWM output pin 
PWMO to PWM3. 

¢ pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the Xi and Xour pins) is 
output from this pin. If an STP or WIT instruction is ex-, 
ecuted, output stops after going “H”. 

MO pin 

This pin outputs the mode switching signal of pre- 
scalor. 

The output structure is CMOS output. 

P/D pin 

Phase detector output pin. 

Fin pin 

The clock from prescalor is input to this pin. 
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Port PO, P1, P2, P39, P3; 


a Direction register ae 
az Port latch = 


ieee 4 
a: 


Port P32 to P3., P4, to P4, 


ae! Direction register +" 
Port latch 











i CMOS tri-state output 


(>) Port PO, P1, P2, P3p, P3;, 
Note : P2, to P27 may also 
be used as PWM output 
pins 







Data bus 






N-channel open drain output 






& Port P3. to P36z, P45 to P4. 


ines % 


Note : P32, P33 may also be used as 
timer inputs 
P34, P38. may also be used as 
external interrupt inputs 
P35, P3g may also be used as 
input pins for A-D converter 
P4, to P4, may also be used as 
serial I/O pins 


Data bus 









N-channel open drain output 


Port P4., P47, P6 
Wren al 
mF Port Jatch “= 


|g 


4 


( ) Port P4g, P47, P6 





Data bus Note : P4., P47, P6 may also be used as 
PWM output pins 
P4,, P4, may also be used as 


serial [/O pins 













Hsyne: Vsync Schmitt input P/D, MO, p, R, G, B, I, OUT 
CMOS output 
Data bus Hsync, Vsync 
Fin 
P/D, MO, ¢, R, G, B, |, OUT 
St eg I SS 


Note : R, G, B, I, and OUT pins 
may also be used as 


port P5. to Pdi, 
Fin 


af 


Fig. 47 Block diagram of port PO to P6 (single-chip mode) and output format of P/D, MO, ¢, R, G, B, 1, OUT, and Fin 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFB,,), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports PO to P3 can be used as address, and data in- 
put/output pins. 

Figure 49 shows the functions of ports PO to P93. 

The memory map for the single-chip mode is illustrated in 
Figure 2 and for other modes, in Figure 48. 

By connecting CNVsg to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Voc automatically forces the 
microcomputer into microprocessor mode. 

The three different modes are explained as follows: 


internal ROM 


1208 ASS 


Special function registers 
0200,< | eran ees 


0180165 ASYQXsSQaww 


Internal RAM 
Special function 
registers 


Internal RAM 


Memory expansion 
mode 


internal RAM 
01001, 


Special function 
00C0:¢ t 


registers 


Internal RAM 
000016 
Microprocessor mode 


The shaded area is external memory area 


Fig. 48 Example memory area in processor mode 





! 


(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO to P3 will work as original 1/O 
ports. 

(2) Memory expansion mode (01) 
The microcomputer will be placed in the memory ex- 
pansion mode when CNVsg is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original |/O pin function is lost. 
Port P2 becomes the data bus of D7 to Do (including 
instruction code) and loses its normal 1/O function. Port 
P39 and P3, works as R/W and SYNC. 

(3) Microprocessor mode [10] 
When CNVsgg is connected to Vss and the processor 
mode bits are set to “10”, or after connecting CNVsz to 
Voc and initiating a reset the microcomputer will auto- 
matically default to this mode. In this mode, the internal 
ROM is inhibited so the external memory is required. 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 14. 


Note : Use the M37250M6-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standards is assured only in the single-chip 
mode. 





ae Re 
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Single-chip Memory expansion Microprocessor 
mode mode mode 








Ports P07 to PO, _ Ports PO; to PQ, Same as left 


Address 


Ports P17 to P15 Ports P17 to P1g Same as left 


| Address 








ie a 2 


Ports P2, to P2, Ports P27 to P2o 


LJ 


Ports P32 to P3, Ports P32 to P3, 
x I/O port I/O port 


Port P3; Port P3, 


X 1/O port SYNC 


Port P35 Port P35 


Fig. 49 Processor mode and function of port PO to P3 \ 


Same as left 





Same as left 





Table 14. Relationship between CNVszg pin input level and processor mode 


Explanation 
* Single-chip mode The single-chip mode is set by the reset. All modes can be selected by changing the pro- 


¢ Memory expansion mode | cessor mode bit with the program. 
¢ Microprocessor mode 


The microprocessor mode ts set by the reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
52. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, timer 3 and 
timer 4 are connected automatically and FFi, is set in the 
timer 3, 07;, is set in the timer 4, and timer 3 count source 
is forced to f(Xiy) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock ¢ keeps its “H” level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
' able bit must be set to “1” before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 50. 


Interrupt request 


FD 


Interrupt 
disable flag | 


STP instruction 


Fig. 52 Block diagram of clock generating circuit 





The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 51 
Xin is the input, and Xoyrt is open. 


M37250M6-XXXSP 


Xin Xout 





Fig. 50 External ceramic resonator circuit 


M37250M6-XXXSP 
Xin 


External oscillating 
circuit 





Fig. 51 External clock input circuit 


STP instruction 
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PROGRAMMING NOTES 


(1) 
(2) 


The frequency ratio of the timer is 1/(n+1). 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

After the ADC and SBC instructions are executed 
(indecimal mode) , one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM order confirmation form 

(2) mark specification form 

(3) =X @) Vike f-\ ¢: Ree errr EPROM 8 sets 





(4) A NOP instruction must be used after the ‘execution of 
a PLP insturction. 
(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.14F) directly between the Vcc pin and 
Vss pin using a heavy wire. 
sate MITSUBISH 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply voltage 


Input voltage CNVss 
Input voltage PO 9-P07, P19-P17, P2o-P2z, 
P39-P3,, P49-P47, P6o-P6s, 
Hsync; Vsync, RESET, Fin 
Output voltage PO 9-P07, P19-P17, P29-P2;, 
P39-P3.6, P49-P4s5, 
R, G, B, 1, OUT, P/D, MO, Xour, OSC2 
Output voitage P45, P47, P69-P63 
Circuit current R, G, B, |, OUT, POQo-P07, 
Pio-P17, P29-P27, 
P30, P3;, P/D, MO 
Circuit current R, G, B, |, OUT, POo-P07, 
P19-P17, P29-P2s, 
P39-P3.¢, P49-P43, P/D, MO 
Circuit current P69-P63, P46, P47 
Circuit current P24-P27 
Circuit current P44, P4s 





Power dissipation 


with ON-SCREEN DISPLAY CONTROLLER 





—0.3 to Vect0. 3 
—0. 3 to Veco +0. 2 


—0. 3 to 13.0 


0 to 1(Note 1) 
0 to 2( Note 2) 


0 to 1(Note 2) 
pt 0 to 10 Note 3) 
0 to 3(Note 2) 


With respect to Vss 
Output transistors are at “off” state 


Ta=25 





Operating temperature 


Storage temperature 





RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta 


es 


Parameter 


mW 
=i0 1070 
—40 to 125 


—10 to 70T unless otherwise noted) 


Unit 


Supply voltage( Note 4) During the PLL, CRT operation 


Supply voltage 
“H” input voltage PQ 9-P07, P19-P17, P29-P27, 
P39-P3¢6, P4o-P43, P46,P47, 
P6o-P63, Hsync, Vsync, RESET, 
Xin, OSC1 
“H” input voltage P44, P45 
“L” input voltage PQ -P07, P19-P17, P29-P27, 
P30, P31, P35, P49, P43-P45, P47, P60-P6s3 
“L” input voltage P32-P3,4, P3¢, P41, P42, P4e, 
Hsyne, Vsync, RESET, Xin, OSC1 
“H” average output current (Note 1) R,G,B,1,OUT,P09-P0;, 
P19-P17, P29-P27, P3p, P3,, P/D, MO 
“L” average output current (Note 2) R,G,B,l,OUT,P09-P0z, 
P19-P17, P29-P23, P39-P35, P49-P 43, 
P/D, MO 
“L” average output current (Note 2) P69-P63, P4g, P47 


Oscillating frequency (for CRT display) 
Input frequency P32-P34, P3., P45 








Input frequency Fiy Vz=0. 6 Vp-p 





: The total of lors, love, and log should be 30mA (max ). 
: The total of lo. of port P2,-P27 should be 20mA (max ). 


0. 8Vcc 


ae a a i ee 


ele 


Vv 
Voo | Vv 


0. 4Voc V 


Cc 


0. 2Voc 





Sf | ma 
eae 
mA 


na 
ead 
came 
6 [ 40 [4 


THz | 
5 [Mee | 
15 [ Maz | 


MHz 


1 
5 
5 MHz 


> The total current that flows out of the IC should be 20mA (max.) 


: Apply 0.15uF or grater capacitance externally between the Voc—Vss power supply pins so as to 


reduce power source noise Apply 0.15F or grater capacitance externally between the Voce—Vsse 


as same 
Also apply 0. 15uF or greater capacitance externally betwee 
: Use the quartz crystal oscillator for CPU oscillation circuit 


n the Vec—CNVssg pins 
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ELECTRIC CHARACTERISTICS (Vcc=5V410%, Vsg=0V, Ta=—10 to 70°C, f(Xiy)=4MHz unless other wise noted) 


| Limits 
Symbol Parameter Test conditions Typ Unit 


Voc=5. 5V, f(Xin) =4MHz 
CRT OFF ~~ 
loc Supply current Voc=5. 5V, f(Xin) =4MHz 
CRT ON, PLL ON 
At wait mode Voc=5.0V 
| 


“H” output voltage PQ9-P07, P19-P17, P29-P27, Voc=4. 5V 
P39, P3;, R, G, B, |, OUT, P/D, MO lon==—0. 5mA 
“L” output voltage PO 9-P07, P1o9-P17, P29-P23, 
P39-P3,, P49-P4s, 
R, G, B, |, OUT, P/D, MO 


“L” output voltage P6-P63, P4,5, P47 






3 


gi 
(ap) ——k 
Oo on 
© 
. pore oO 
O};oO 
















R 
> 





Rg 
> 


Vou 


N 
Oo 
on 
3 
















< 








“L” output voltage P2,-P27 


Ww 
© 







“L” output voltage P4,, P45 


Hysteresis RESET 
V1r+—Vy—| Hysteresis (Note) Hsyne, Vsynec; P3e-P3u, 
P3.5, P4,, P42, P44-P45 


“H” input leak current RESET, PQ9-P07, P10-P17, 
P29-P27, P39-P36, P4o-P45 
“H” input leak current 
lozt P6y-P63, P4g, P47 
“L” input leak current RESET, PQ 9-P0,, 
loze P19-P17, P29-P27, P39-P3¢, 


P49-P47, P69-P63 
“L” input leak current P/D 





= 








-) 
ro) 
= 
N 




















Vec=5. 5V 
Vo=5. 5V 




























Voc =5.5V 


Note 1. P3o2-P3,4, P3, have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P4,, P42, P44-P4, have the hysteresis when these pins are used as serial !/O ports 
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DESCRIPTION 

The M37260M6-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 
52-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for the high-tech on-screen display sys- 
tem for TVs. 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 


FEATURES 

@ Number of basic instructions S186 016 Wie 6 0100: 0:8 Sop Slee 0 @ eel eie eee'n S60 8 ele 69 

@ Memory size ROM Gre Ler eileie elbow. 0 aie Gro elev eereielolers oiararaesececes’ 24576 bytes 
RAM ere Ine Ce a RI ee eee 320 bytes 
CRT ROM bla Pete eselecciore eval e eho raserere Venere erence 20480 bytes 
CRT RAM ow 18:6. a W016. 61 0iseie ie Wrweie (we 66 bre 4.0; 0)0's 280 bytes 

@ Instruction execution time 


seees 0.5us (minimum instructions at 8MHz frequency) 


@ Single power supply ShiiaiNorese av0i0 8 8 BOM gS aiareieie et iaie's Bale aiel sare 5V+10% 
@ Power dissipation 
(normal operation mode at 4MHz frequency) 
Sue eidelg Saat hea teeta eeeaked 110mW (Voc=5.5V, CRT display) 
@ Subroutine nesting «17 96 levels (Max.) 
@ Interrupt Se er ee ee ee 11 types, 11 vectors 
@ B-bit timer ccs :ccc cere eee eet een eee entree es 4 
@ Programmable |/O ports 
(Ports PO, P1, P2, P3) Nvsuwie Pendens RelaceeReiee eaten ise wes 30 
e Output port (Port P4) Pie ehbe Meee matwewsheeveta gageeeene dee wehaaaiee 6 
@ Input port (Port P5) Cchdae Senay ha eeuig waetadeteaeaesyreesentresieaare 7 
@ Serial |/O (maximum 64-bit) srdie ie 'e Wb Sibig Siva, Fv Oe aye CMs aie pee eieleas ore { 
@ CRT display function 
Display characters:::-::*:*:-+:°-""- 40 characters X3 lines 
(25 lines max.) 
Dot structure «7r77tsrtrere 12X20 dots or 16X20 dots 
Character TYPOS “erties eu rs nttenerenes miata ny, 510 types 
Character SiZ@ vcrrrr eect tenes 30 types 
(minimum dot width is 1/2 scanning line) 
Color TYPOS reece reset eee ee eeeee Max 16 types (R, G, B, 1) 
Character unit/blank of line unit/raster can be spe- 
cified 
Display layout 
Horizontal emer comer rereracscesecceeeserseeeeeeerereese 256 levels 
Vertical TELELETTET EER eT ee Tee eee Tee eee ee ee ee 1024 levels 
APPLICATION 
TV 


PIN CONFIGURATION (TOP VIEW) 


OSC2 + 
Hsync/P5o9 
Vsync/P5, > L4] 

MXR/P5. — [5] 

MXG/P5, — [6| 
MXB/P5,4/TIM2 — 
MXI/P5<5/TIM3 — 
MXOUT/P5, — 

R/P4, — 

G/P4, 

B/P4, +— 

1/P4, + 
OUT/P4, + 
CSYN/P4, — 
P3,- 


dSXXX-9N09CZEW 


P3,/INT/CS «> 
P33/Srpy 

P3,/Sin, Sour/SDA 
P35/Scik/SCL 
CNVss > 

RESET > 


Outline 52P4B . 
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Clock Clock Timing Reset 
input output output input (5V) (OV) 
Xin Xout p RESET Voc Vss CNVss 


Data bus 


Timer count source selection circuit 









ROM 
24576 bytes 





Program 











Program 








Clock generating counter 


PCy, (8) 


counter 
PC, (8) 





circuit 





Instruction 
register (8) 


instruction 
decoder 


Address bus 












8-bit 











Processor 





























arithmetic Accumulator status index Index Stack 
and logical unit A (8) register register register pointer Control signal 
PS (8) X (8) Y (8) S (8) 





CSYN 

OUT 

G ! 
MXOUT 
MXB/TIM2 
MXG 
MXR 
Vsync 
Hsync 


11411 SILO) - — BN BKTKEXEXAK3)— - 2X- - 
—_.———Y 08C2 OSC1 
Video signal Sync signal 
output input 





P2 





I/O port PO po 


“ 


dSXXX-9INOSZZEIN 
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FUNCTIONS OF M37260M6-XXXSP 


Number of basic instructions [eee aire ati 
Instruction execution time 0.58 (minimum instructions, at 8MHz frequency) 


Clock frequency 8MHz (maximum) 


1/0 
4-bit <1 (can be used as serial |/O pins and external interrupt pin) (N- 
channel open drain output) 


MXOUT pins) 
Serial 1/0 64-bit (maximum) X1, Special serial I/O (8-bit) X1 


Subroutine nesting 96 levels (maximum) 


One external interrupt, eight internal interrupts, 
40 characters X3 lines (maximum 25 lines in program) 
Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 
5v 109% 
at CRT display ON 110mW (clock frequency Xiy=4MHz, Voc=5. 5V, Typ ) 


at CRT display OFF 55mW (clock frequency X;y==4MHz, Voc=5. 5V, Typ ) 
165m (masa 


Device structure CMOS silicon gate process 
























Memory size 
















Input/Output ports 

























Interrupt 


















CRT display function 













Power dissipation 

































Package 
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PIN Peewee 


Input/ 
Output 


Pin Functions 


Supply voitage Power supply inputs 5V+10% to Vee: and OV to Vss 


/ 


This 1s connected to Vss. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions) 

If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time. 





~ 


Clock input 
Xout Clock output 
Timing output 


—PO0, | 1/0 port PO 


1o—P17 | I/O port P1 
—P2z | I/O port P2 


—P3.5 | I/O port P3 










This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between Xj and Xour pins If an external clock is used, the clock 
source should be connected the Xjy pin and the Xour pin should be left open. 


This 1s a timing output pin | 


Port PO ts an 8-bit I/O port with direction register allowing each I/O bit to be individually programmed as 


input or output At reset, this port is set to input mode The output structure is CMOS output 





Q 
34 


Port P1 Is an 8-bit 1/O port and has basically the same functions as port PO 
Port P2 is an 8-bit I/O port and has basically the same functions as port PO 


Port P3 is a 6-bit 1/O port and has basically the same functions as port PO, but the output structure of P3po 
and P3, is CMOS output and the output structure of P382—P3s5 is N-channel open drain 

P32 Is In common with external interrupt input pin INT When serial I/O is used, P32, P33, P34, and P35 work 
as CS, Snov, Sin/Sout, and Scix pins, respectively. When special serial 1/O is used, P3, and P35 work as 
SDA and SCL pins, respectively. ; 














OSC1 


Clock input for CRT 


There are I/O pins of the clock generating circuit for the CRT display function 
display 





OSC2 


Clock output for CRT 


display 


Hsync This is a horizontal synchronizing signal input for CRT display This pin ts in common with input Port P59 
Vsync Input This is a vertical synchronizing signal input for CRT display. This pin is in common with input Port P5, 


MXR, MXG, | Video signal input for 
MXB, MXI, | mixing 
MXOUT 





These are video signal input pins. MXR, MXG, MXB, MXI, and MXOUT are in common with P5o, P53, P54, 
P55, and P5g Also P5,4 and P55 are in common with external clock input pins TIM2 and TIM3 


Video signal output This is a 5-bit output pin for CRT display The output structure is CMOS output R, G, B, I, and OUT are in 


common with P49, P41, P42, P43, and P4, 


Composite sync signal 
output 


This ts a composite sync signal output pin, and in common with output port P45 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37260 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the MELPS 740 
CPU core basic functions, or the MELPS 740 Software Manual. 
Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


CPU Mode Register 

The CPU mode register is allocated to address O0FB.. Bits 
0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 


CPU mode register (address 00FB;.) 


Processor mode bits 
0 0 : Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Disable 


Stack page selection bit 
0 : In 0 page area 
1 : In 1 page area 


System clock output selection bit 
0 : Stop (reset-out) 
1 : System clock output 





Fig. 1 Structure of CPU mode register 





are TUBS 
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MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 


RAM 
(192 bytes) 


oy ae 


(128 bytes) | 


RAM for display 
(280 bytes) 


ROM for display 
(20480 bytes) 


ROM 
(24576 bytes) 


¢ ROM for display 

ROM for display is used for storing character data. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


Special page 


Interrupt vector area 


Fig. 2 Memory map 
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00C0,, | Port PO 

00C116 | Port PO direction register ; 
00C2,.¢ | Port P1 

00C3,;, | Port P1 direction register 

00C4,.¢ | Port P2 

00C5,1., | Port P2 direction register 

00C6,, | Port P3 

00C7.1¢ {| Port P3 direction register 

00C8 1, | Port P4 

00C916 | Port P4 mode register 

OOCAi.¢ Port P5 

OOCBi¢ 
00CCi¢6 
OOCD,., | Serial |/O mode register 1 
OOCEi, | Serial 1/O mode register 2 
OOCF,, { Serial I/O register 0 
00D0;., | Serial 1/O register 1 
00D1,,¢ | Serial 1/O register 2 
00D2,, | Serial 1/O register 3 
00D3,, | Serial 1/O register 4 
00D4,., | Serial 1/O register 5 
00D5;, | Sernal I/O register 6 
00D6,. | Serial 1/O regi : 
00D7,.¢ | Character size register 1 (block 1) 
00D8;¢ | Character size register 2 (block 2) 
00D9,, | Character size register 3 (block 3) 
OODA\.¢ | Blank control register 1 (block 1) 
00DB,, | Blank control register 2 (block 2) 
00DC;,| Blank control register 3 (block 3) 
OODD;¢ } Block 1 interrupt occurrence position control register 
OODE4¢ | Block 2 interrupt occurrence position control register 
OODF 1.6 | Block 3 interrupt occurrence position control register 














Fig. 3 SFR (Special Function Register) memory map 


Horizontal position reg 
Vertical position register 1 (block 1) 
Vertical position register 2 (block 2) 
Vertical position register 3 (block 3) 

i ) 


a aa ae, 
ae eee 
CRT input polarity register 

Pe a ete 


Timer 4 

Timer 12 mode register 
Special serial 1/O register 
Special mode register 1 


Special mode register 2 
CPU mode register 
Interrupt request register 1 
Interrupt request register 2 


Interrupt control register 1 
Interrupt control register 2 
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INTERRUPTS 

Interrupts can be caused by 10 different events consisting 
of two external, seven internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 

- All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O”. The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 


Table 1. Interrupt vector address and priority. 









Priority 


pesen 
Vevie interrupt 













BRK instruction interrupt 


— 
— 


Timer 2 interrupt FFEF 46, 
Timer 1 interrupt 10 FFEDi4.¢, 


Interrupt Causes 


(1) 


FFD FFG | 
rere Fre 
rere, FFF. | 


FFFSig, FFF416 
FFF3ig, FFF2i6 External interrupt 
FFFiig, FFFOs6 


FFEE4¢ 
FFECi¢ 


FFDFie, FFDEi¢ Non-maskable software interrupt 


Vsync and CRT interrupts , 

The Vsync interrupt is an interrupt request synchro- 
nized with the vertical synchronization signal. 

The CRT interrupt is generated after character block 
display to the CRT is completed. 

INT interrupt 

With an external interrupt input, the system detects that 
the level of a pin changes from “L” to “H” or from “H” 
to “L”, and generates an interrupt request. The input 
active edge can be.selected by bit 5 of the CRT input 
active edge register (address 00E8,,) : when this bit is 
“0”, a change from “L” to “H” is detected; when it is 
“1” a change from “H” to “L” is detected. Note that all 
bits are cleared to “O” at reset. 

Timer 1, 2, 3 and 4 interrupts 

An interrupt is generated by an overflow of timer 1, 2, 
3, or 4. 

Serial |/O interrupt 

This is an interrupt request from the clock-synchronized se- 
rial 1/O function. 

Note that serial I/O or special serial I/O is selected by 
bit 3 of the serial 1/O mode register 2 (address O0CE;,.). 
1 ms interrupt 

This interrupt is generated regularly with a 1024us 
period. When the Xiy clock is 4MHz, set bits 7 and 4 of 
the sync generator control register to “0”. When the Xin 
clock is 8MHz, set bit 7 of the sync generator control 
register to “O” and bit 4 to “1” | 

BRK instruction interrupt 

This interrupt has the lowest priority of all software in- 
terrupts. It does not have a corresponding interrupt en- 
able bit, and it is not affected by the interrupt disable 
flag (non-maskable). 
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(address O00FC,,) (address 00FD,¢) 


Timer 1 interrupt request bit INT interrupt request bit 
Timer 2 interrupt request bit Serial 1/O interrupt request bit 
Timer 3 interrupt request bit ims interrupt request bit 
Timer 4 interrupt request bit 

-CRT interrupt request bit 


V interrupt request bit 
Syne iets This bit must be set to “0”. 


0 : No interrupt request issued 
1 : Interrupt request issued 


Interrupt control register 1 Interrupt control register 2 
(address O0FE;,) (address OOFF;.) 


Timer 1 interrupt enable bit INT interrupt enable bit 
Timer 2 interrupt enable bit Serial 1/O interrupt enable bit 
Timer 3 interrupt enable bit 1ms interrupt enable bit 
Timer 4 interrupt enable bit 

CRT interrupt enabie bit 

Vsync Interrupt enable bit 


0 : Interrupt disable 
1 : Interrupt enabled 





Fig. 4. Structure of registers related to interrupt 


Interrupt request bit 


interrupt enable bit 


Interrupt disable flag | 


BRK instruction Interrupt request 
reset 





Fig. 5 Interrupt control 
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TIMER 

The M37260M6-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. All of timers are 8-bit structure and 
have 8-bit latches. 

A block diagram of timer 1 through 4 is shown in Figure 7. 
All of the timers are down count timers and their division 
ratio are 1/(n+1), where n is the contents of timer latch. 
The same value is set to timer by writing the count value to 
the latch (addresses 00F0;, to 00F3,, : timer 1 to timer 4) 
When a timer reaches “00,,” and the next count pulse is in- 
put to a timer, a value which is the contents of the reload 
latch are loaded into the timer. The timer interrupt request 
bit is set at the next count pulse after the timer reaches 
“001,”. 

The contents of each timer is shown in following. 

(1) Timer 1 


Either f(X,y) divided by 16 or a 1024us clock can be 


selected as the count source of timer 1. 
(When the Xi; clock is 4MHz, set bits 7 and 4 of the 
sync generator control register (address 00E9,,) to “0”. 
When the Xi, clock is 8MHz, set bit 7 of the sync 
generator control register to “0” and bit 4 to “1”.) When 
bit O of the timer 12 mode register (address 00F4,,) is 
“O”, f(Xiy) divided by 16 is selected; when it is “1”, the 
1024us clock is selected. 
Timer 1 interrupt request is occurred with timer 1 over- 
flow 
(2) Timer 2 
f(Xin) divided by 16, timer 1 overflow signal, or an ex- 
ternal clock input from P5,4/MXB/TIM2 pin can be 
selected as the count source of timer 2 by specifying 
bit 4 and 1 of the timer 12 mode register (address 
OOF 4,,). 
Timer 2 interrupt request is occurred with timer 2 over- 
flow. 
(3) Timer 3 
Either f(X;y) divided by 16 or an external clock input 
from P55/MXI/TIM3 pin can be selected as the count 
source of timer 3 by specifying bit O of the timer 34 
mode register (address 00F5,,). 
Timer 3 interrupt request is occurred with timer 3 over- 
flow. 
(4) Timer 4 
f(Xin) divided by 16, f(Xiy) divided by 2, or timer 3 
overflow signal can be selected as the count source of 
timer 4 by specifying bit 4 and 1 of the timer 34 mode 
register (address 00F5,.). 
Timer 4 interrupt request is occurred with timer 4 over- 
flow. And the timer 4 overflow signal can be used as 
the clock source of special serial 1/O. 
At reset or an STP instruction is executed, timer 3 and 
timer 4 are connected automatically, and the value 
“FFi,” is set to timer 3, and the value “07,” is set to 
timer 4 
f(Xin) divided by 16 is selected as count source of tim- 


j 





er 3. 

When the internal reset is removed or stop mode is re- 
moved, the internal clock is connected by timer 6 over- 
flow at above state. In this reason, the program starts 
with stable clock. 

The timer related registers structure is shown in Figure 
6. 


7 0 
Timer 12 mode register : T12M 
( 


address 00F4;.) 


Timer 1 count source selection bit 
0 : f(Xiw) divided by 16 
1 3 1024s clock 


Timer 2 count source selection bit 
0 : Internal clock 
1 : External clock from P5,/MXB 
/TIM2 pin 


Timer 1 count stop bit 
0 : Count start 
1 ‘ Count stop 


Timer 2 count stop bit 
0 : Count start 
1 : Count stop 


Timer 2 internal clock source 
selection bit 


0 : f(Xiw) divided by 16 
1 : Timer 1 overflow 


7 0 
Timer 34 mode register : T34M 
(address 00F54¢) 
Timer 3 count source selection bit 
0 : f(Xiy) divided by 16 
1 : External clock from P5s5/MXI 
/TIM3 pin 
Timer 4 internal clock source 
selection bit 
0 : Timer 3 overflow 
1 2 (Xi) divided by 16 
Timer 3 count stop bit 
0 : Count start 
1 : Count stop 
Timer 4 count stop bit 
0 : Count start 
1 : Count stop 
Timer 4 count source selection bit 


0 = Internal clock 
1 2 (Xi) divided by 2 


Fig.6 Structure of timer 12 mode register and 
timer 34 mode register 
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Data bus 


8 
Selection gate At reset, the 
. shaded area 
1024us clock Timer 1 latch (8) is connected 
O 
8 
Timer 1 
Kn D> 


Timer 1 || interrupt request 


8 
Timer 2 latch (8) 
8 
Timer 2 
i (8) a 














P5,/MXB/TIM2 
O—=>f> 


Timer 2 interrupt request 


P5</MXI/TIM3 
O—=>f> 


Timer 3 latch (8) 


Timer 3 


Timer 3 interrupt request 


reset 
; STP instruction 


8 


Timer 4 latch (8) 7 
itor 





Timer 4 


> interrupt request 
T34M3 


ay 
T34M,4 


Note 1 © Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles 


| 2 : When the external clock source 1s selected, timer 2 and timer 3 are counted by the rising edge of input signal 
Fig. 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL W/O 

The M37260M6-XXXSP has a built-in serial 1/O function 
that can either transmit or receive up to 64-bits of serial 
data in clock-synchronized form. The serial |/O function can 
transfer up to 64 bits of data in 8-bit units according to the 
setting of the serial |/O shift register. | 

A block diagram of the serial I/O function is shown in Fig. 
8. The serial |/O receive enabled signal pin (Srpy), syn- 


chronization clock I/O pin (Scix), and data I/O pins (Sour 


and S,) also function as the P3 port. 


P33 latch 


P33/Srpy1 ©. wy 
SM15 


P3,/CS Cc 


ay, 
SM1;.  SM1, 


P3, latch SDA 


Serial 1/O ; eral I/Q ’ Serial ” Serial 1/0 
register 7 register 6 regis register 4 


ter 5 
(8) | (8) ; (8) i ( 


Synchoronus 
circuit 


Bit 2 of the serial |/O mode register 1 (address 00CD,,) 
selects whether the synchronizaion clock is supplied inter- 
nally or externally (from the Scix pin) and, if the internal 
clock is selected, bits 1 and 0 select whether f(Xin) is di- 
vided by 8, 16, 32, or 64. Bits4 and 3 select whether port 
P3 is used for serial |/O. Bits 2, 1, and O of the serial I/O 
mode register 2 select the count of the transfer clock at 
which the serial I/O interrupt request is generated The op- 
eration of the serial |/O function is described below. 


Serial |/O counter (1) to (8) 


Serial I/O 
Interrupt 
request 


Serial I/O ‘aa 1/0 , Serial I/O ’ Serial 1/0 
register 3 register 2 register 1 register 0 
: (8) : (8) H (8) i (8) 


SM1, : LSB«*MSB 


Fig. 8 Block diagram of serial I/O 
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If the serial 1/O register 0 (address OOCF,,) is written to, 
the Srpy signal is at “H” during the write cycle; it then goes 
“L” when the write cycle ends to indicate reception en- 
abled status. If the serial I/O register’s transfer clock goes 
“L” even once, the Srny signal goes “H”. During the write 
cycle to the serial 1/O register 0, the value set in the serial 
1/O mode register 2 is set in the serial 1/O counter, and the 
serial !/O register’s transfer clock is forced to “H”. After the 
write cycle ends, the data in each register is shifted one bit 
in sequence from serial !/O register 0 to serial |[/O register 
1, serial |1/O register 2, serial 1/O register 3, serial I/O reg- 
ister 4, serial |/O register5, serial 1/O register 6, to serial 
I/O register 7, until it is finally output from the Sour pin, 
each time the transfer clock changes from “H” to “L”. Bit 6 
of the serial 1/O mode register selects whether transfer is 
from the lowest bit of each serial I/O register, or from the 
highest bit. : 

During reception, data is fetched from the Sj pin each 
time the transfer clock changes from “L” to “H” and, at the 
same time, the data in each register is shifted one bit in 
‘sequence from serial |/O register 7 to serial I/O register 6, 
serial I/O register 5, serial |/O register 4, serial 1/O register 
3, serial |/O register 2, serial 1/O register 1, to serial 1/O 
register 0. 

If the transfer clock is the count value set in the serial 1/O 
mode register 2, when the serial |/O counter reaches “0”, 
the transfer clock stops at “H” and the corresponding inter- 
rupt request bit is set. 

If an external clock is selected as the clock source, it must 


CS 


Transfer 
clock 


Serial |/O 
register 0 


write signal 


Sin/Sout 


Sroy 


Byte 1 


be controlled externally because the transfer clock does 
not stop, even when the interrupt request bit is set. Use a 
clock of no more that 1MHz with a duty cycle of 50% as the 
external clock. 
Serial I/O timing is shown in Fig. 9. If an external clock is 
used for the transfer, the external clock must be “H” when 
the serial I/O counter is initialized. If the internal clock is 
switched to an external clock, make sure that it is switched 
while no transfer is in progress, and make sure that the se- 
rial 1/O counter is initialized after the switch. 
A connection example for transferring data from one 
M37260M6-XXXSP to another is shown in Fig. 10. If P3. is 
used as the CS pin, set the P3. direction register to input 
(“0”) and set bit 4 of the serial |/O mode register 2 to “0”. 
This setting ensures that the transfer clock is fixed at “H” 
when the P32 input signal is “H”, and data is not shifted. If 
the P3, input signal goes “L”, data will be shifted according 
to the clock input from the P35/Scix pin. Note that if bit 4 of 
the serial |/O mode register 2 is set to “1”, the data will be 
shifted according to the clock input from the P35/Sc.x pin, 
regardless of the P3. input signal. 

Note 1: When writing programs, remember that the serial 
I/O counter will also be set by using bit manipula- 
tion instructions such as SEB and CLB to write to 
the serial |/O register 0. 

2 : When writing data to serial I/O registers 0 to 7, 
make sure that serial |/O register 0 is the last one 
written to. 


>= Bytes 2t0 6. —_—___ >=. By te 8 


interrupt request bit set 


Note - The timing at which the interrupt request bit is set can be selected by the serial 1/O mode register 2 from 8 positions ranging from 
the completion of the transter of byte 1 to the completion of the transter of byte 8 


Fig.9 Serial I/O timing 
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Transmission side Reception side 


Serial I/O mode register 1 Serial I/O mode register 1 


Srpy 


Bit 7 


Bit 0 


RAE EES 


Bit 0 


Synchronous clock 
Scik Scik 


Set the direction register for Sapy pin in 
input mode 


Serial data 





Fig. 10 Example of serial 1/O connection 


0 
Serial |/O mode register 2 


Serial |/O mode register 1 
TTITITT : SIOMR1(address 00CD.) : SIOMR2(address 00CE;.¢) 
Z Internal synchronous clock 
selection bits 
00: Oscillation divided by 8 
01: Oscillation divided by 16 
10: Oscillation divided by 32 
11° Oscillation divided by 64 
Synchronous clock selection bit 
Q : External clock 
1 = Internal clock 
Serial I/O and special serial I/O 


Serial |/O interrupt request control bits 

000 : Interrupt is requested at 8 
count of transfer clock 

001 : Interrupt is requested at 16 
count of transfer clock 

010 : Interrupt is requested at 24 
count of transfer clock 

011 : Interrupt is requested at 32 
count of transfer clock 

100 : Interrupt is requested at 40 
count of transfer clock 

101 : Interrupt is requested at 48 
count of transfer clock 

110 : Interrupt ts requested at 56 
count of transfer clock 

111 : Interrupt is requested at 64 
count of transfer clock 





port selection bits 


XO - P3,4, P35 
01° Sout/Sin pin, Scik pin 
1° SDA, SCL pin 
Sasv signal output selection bit 
0 : Port P33. 


1 : Sapy signal output pin 
Interrupt source selection bit 


0 : Serial !/O interrupt 
1 : Special serial 1/O interrupt 


Transfer direction selection bit 
0 : LSB first 
1 : MSB first 
Sour control bit 
0: Sout output 
1° Sour output"H” 


CS pin control bit 
0 : CS pin input is valid 
1 : CS pin input ts invalid 
(Data are shift by external clock that 1s 


Note : “X”means “O”or“1” 
not related CS pin input) 





Fig. 11 Structure of serial |1/O mode register 1 Fig. 12 Structure of serial 1/O mode register 2 
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Fig. 14 Serial I/O register state during reception of 2-byte date 
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SPECIAL MODE (I?C BUS MODE”) 
M37260M6-XXXSP has a special serial I/O circuit that can 
be reception or transmission of serial data in conformity 
with |?C (Inter IC) bus format. 

7c bus is a two line directional serial bus developed by 

Philips to transfer and control data among internal ICs of a 

machinery. 

M37260M6-XXXSP’s special serial I/O is not included the 

clock synchronisation function and the arbitration detect- 

able function at multimaster. 

Operations of master transmission and master reception 

with special serial |/O explained in the following: 

(1) Master transmission 

@ To generate an interrupt at the end of transmission, set 
bit 3 of serial 1/O mode register 2 (address 00CE,,) to 
“1” so as to special serial I/O interrupt is selected. 

2) Then set bit 1 of interrupt control register 2 (address 
OOFF,¢) to “1” so as to special serial I/O interrupt is 
enabled. Clear the interrupt disable flag | to “0” by us- 
ing the CLI instruction. 

(3) The output signals of master transmission SDA and 
SCL are output from ports P3, and P35. Set all bits 
(bits 4 and 5) corresponding to P3, and P3, of the port 
P3 register (address 00C6,,) and the port P3 direction 
register (address 00C7,,¢) to “1”. 

@ Set the transmission clock. The transmission clock uses 
the overflow signal of timer 4. Set appropriate value in 
timer 4 and timer 34 mode register. (For instance, if 
f(Xiy)/2 is selected as the clock source of timer 4 and 
9 is set in timer 4 when f(X,) is 4MHz, the master 
transmission clock frequency is 100kHz. ) 

&) Set contents of the special mode register 2 (address 
O0F8,,). (Usually, the vaule is “03,,”.) 

© Set the bits 3 and 4 of serial I/O mode register’ 1 
(address 00CD,,) so as the port P3, and P3z is speci- 
fied to SDA and SCL. After that set the special mode 
register 1 (address 00F7,,). Figure 18 shows the struc- 
ture of special mode registers 1 and 2. 

Initial setting is completed by the above procedure. 

@ Clear bits 0 and 1 of special mode register 2 (to “0”) 
to make both SDA and SCL output to “L”. This is for 
arbitration. Immediately after this, write data to be 


transmitted in the special serial !/O register (address 
O0F6,.). The start signal has been completed. 

The hardware automatically sends out data of 9-clock 
cycle. The 9th clock is for ACK reception and the out- 
put level becomes “H” at this clock. If other master 
outputs the start signal to transmit data simultaneously 
with this 9th clock, it is not detected as an arbitration- 
lost. 

When the ACK bit has been transmitted, bit 1 of the in- 
terrupt request register 2 is set to “1” (issue of inter- 
rupt request), notifying the end of data transmission. 

To transmit data successively, write data to be sent to 
the special serial 1/O register, and set the interrupt en- 
abled state again. By repeating this procedure, unli- 
mited number of bytes can be transmitted. 

@) To terminate data transfer, clear bits 0 and 1 of the 

special mode register 2 to “O”. 

Set bit 1 clock SCL to “1”. 

Then set bit O data SDA to “1”. This procedure trans- 

mits the stop signal. 

Figure 16 shows master transmission timing explained 

above. (the numbers in this figure are correspond to 

above explained numbers. ) 

(2) Master reception 

Master reception is carried out in the interrupt routine after 

data is transferred by master transmission. For master 

transmission and interrupt thereafter, see the preceding 
section (1) Master transmission (the process until @ in Fi- 

gure 16.) 

In the interrupt routine, set master reception ACK provided 

(2216) in the special mode register 1 (address OOF7;.) , 

and write “FF,,” in the special serial |/O register (address 

OOF6,,). This sets data line SDA to “H” and to perform 8- 

clock master reception. Then, a clock of “L” is transmitted 

to data line SDA for ACK receiving. In the ACK provided 
mode, the above ACK is automatically sent out. 

Repeat the above receiving operation for a necessary num- 

ber of times. Then return to the master transmission mode 

and transmit the stop signal by the same procedure for the 
master transmission (the process from @) to @) in Figure 

16.) : 

Figure 17 shows master reception timing. 


eis) 


* : Purchase of Mitsubishi Electric Corporation’s !?C components converys a license under the Philips |2?C Patent Rights to use these 
components in an |?C system, provided that the system conforms to the I?C Standard Specification as defined by Philips. 
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Sync circuit 


P3,/SCL () 


SI/O counter 


res POF | 


SB; 
P3, latch 
SM14 


t 
circuit 
SM1 


3 
Si/O shift register 


Data bus 





Fig. 15 Block diagram of special serial 1/O 


P3,/SDA 


P35/SCL 


P3./SCL 





Fig. 16 Master transmission timing 


Reception 
P3,/SDA 


P35/SCL 





Same as (@ to @ of Figure 16 


P3,/SDA 


rest UU 
ea EEE aioe eee 


oO O q a3) 


Just as © of Just a dD of 
Figure 16 Figure 16 


Just as (0 of 
Figure 16 





g” 


Fig. 17 Master reception timing 
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7 0 7 0 
(address 00F7;.) (address O0F8,,¢) 


Transmission and reception mode 


selection bit 
0 : Reception mode 


1 : Transmission mode 


Synchronous clock selection bit 
Q : External clock 
1 : Timer 4 overflow 


ACK operation selection bit 


0 : ACK is not transmitted or received 
1 : ACK is transmitted and received 


Start signal detect bit 
0 : Start signal is not detected 
1 : Start signal was detected 


Stop signal detect bit 
0 : Stop signal is not detected 
1 ! Stop signal was detected 


Fig. 18 Structure of special mode registers 1 and 2 


(3) Wait functions 

Wait function 1 holds the SCL line at “L” after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
“L” after the 9th clock falls in the same way. 

When one of the wait functions operates, the internal coun- 
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to “1”, to enable the corres- 
ponding wait function 1 or 2 to operate, Reset the internal 
counter by writing data to the special serial I/O register 
(address 00F6,,), or by setting the START signal detection 
bit to “1”. Reset the internal counter for each byte before 
data transfer. 





MITSUBISHI 
ELECTRIC 


Data line contro! bit 
0 © SDA outputs “L” 
1 : SDA outputs “H” 


Clock line control bit 
0 : SCL outputs “L” 
1 : SCL outputs “H” 


ACK recognition bit 
0 : ACK was received 
1 : ACK is not received 





Wait function 1 enable bit 
0 : Wait function 1 1s disabled 
1 : Wait function 1 1s enabled 


Wait function 2 enable bit 
0 : Wait function 2 is disabled 
1 : Wait function 2 is enabled 


Wait function 1 acceptance display bit 
0 : Wait function 1 1s not accepting 
1 : Wait function 1 1s accepting 


Wait function 2 acceptance display bit 
Q : Wait function 2 is not accepting 
1 : Wait function 2 is accepting 





The wait functions can be released by setting the corres- 
ponding bit 5 or 6 of the special mode register 2 to “1”. 
Note 1 : Clear the START signal detection bit (bit 6) and 
the STOP signal detection bit (bit 7) of the spe- 
cial mode register 1 by writing “1” to bit 6 or bit 7. 
2 : If the special serial 1/O function is operating, 
change the value of bit 4 of the sync generator 
control register (address 00E9,,) to suit the fre- 
quency of the system clock (Xn). 
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CRT DISPLAY FUNCTIONS 

Table 2 outlines the CRT display functions of the 
M37260M6-XXXSP. The M37260M6-XXXSP incorporates a 
40 columns X 3 lines CRT display control circuit. CRT dis- 
play is controlled by the CRT display control register. 

Up to 510 kinds of characters can be displayed, and colors 
can be specified for each character. A combination of up to 
16 colors can be obtained by using each output signal (R, 
G, B, and 1). 


Table 2. Outline of CRT display functions 


40 characters <3 lines 
(maximum 25 fines) 





Display characters 


configuration 

510 kinds 
16 (maximum) 
Character 


Extension display Possible (multiple lines) 

















12X20 or 16X20 dots 





‘Color 


Characters are displayed in a 12X20 or 16X20 dots con- 
figuration to obtain smooth character patterns. (See Figure 
19) 

The following shows the procedure how to display charac- 

ters on the CRT screen. 

@ Write the display character code to the display RAM. 

( Write the color code to the display RAM. 

@) Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

@ Specify the horizontal position by using the horizontal 
position register. 

6) Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync signal. 

The CRT display circuit has an extended display mode. 

This mode allows multiple lines (more than 4 lines) to be 

displayed on the screen by interrupting the display each 

time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 20 shows a block diagram of the CRT display control 

circuit. Figure 21 shows the structure of the CRT display 

control register. 

And the mixing circuit is built-in that can be output the sig- 

nal mixed external color signals with internal color signals, 

so that the CRT display can be controlled by the 2-chip 
constructed system. 

The sync generator that generates the synchronous signal 

can be output each synchronous signal as NTSC or PAL 

with/without interlacing. 


20 dots 





Fig. 19 CRT display character configuration 
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OSC1 OSC2 Hsync Vsyne 
C) C) é C) 
Oscillation 
circuit - 






Synchronous 
signal selection 
circuit 


Field identification 
circuit 


(Address 00E9,,) 
Sync generator 
control register 

(Address 00EA;.) 


CRT control register 


(Addresses 00E11¢ to 00E4;,.) 






Sync 






generator 













CSYNC 









Vertical position 










registers 





Display position 





(Addresses 00D7;¢ to 00D9;,) 


<> Character size registers 





control circuit 







(Address 00E0,.¢) 





Horizontal position register 










(Addresses 00DAi¢ to 0ODC,.) 


<= Blank control registers 







Display control 






circuit 





RAM for display 
22 bits X40X1 
+16 bits X40X2 










RAM for 


border function 


Shift register 7 Shift register 
16 or 12 bits i 16 or 12 bits 

















Output circuit 


p doy dt - 





(Address 00EC;.) 
CRT output polarity register 







(Address 00E8;¢) 
CRT input polarity register 











MXG 
(Address 00E54¢) - MXB 
MXOUT 





Data bus 


Fig. 20 CRT display control circuit block diagram 
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7 0 . 
TT TTT LIL] CRT control register 


> CC(Address O0EAj,) 


All-blocks display control bit (Note 1) 
0 : All-blocks display off 
1 : All-blocks display on 


Block 1 display control bit 
0 : Block 1 display off 
1 : Block 1 display on 


Block 2 display control bit 
0 : Block 2 display off 
1 : Block 2 display on 


Block 3 display control bit 
0 : Block 3 display off 
1 : Block 3 display on 


Block 1 color specification mode selection 
bit 
0 : Ordinary mode 
] : 1/2-character unit color specification 
mode 


Display oscillation stop flag 
0 : Oscillation stopped 
1 : Oscillation enabled 


Scanning line double-count mode flag 


0 : Normal 256 count mode 
1 : Scanning line double-count mode 


Test bit : Keep at “0” 


Note 1 : The all-blocks display control bit is AND of all the 
block display control bits 





Fig. 21 Structure of CRT control register 


(1) Display Position 
Character display position is specified in units called zontal position register (address 00E0,,¢). The structure of 
blocks. There are three blocks— block 1 to block 3— and the horizontal position register is shown in Figure 24. 

each block can hold up to 40 characters (for details, see 

, the previous section (3) Display Memory.) 

The display position of each block can be set horizontally 
and vertically by software. 

Horizontal positions can be selected for all blocks in com- 


mon from 256-steps in 4Tc units (Where Tc 
oscillation period). 


Vertical positions for each block can be set in 1024 steps 
(where each step is one scanning line) as values 004. to 
FF,, in vertical position registers 1 to 3 (addresses 00E11.¢ 
to 00E3,,¢) and values 00;, to 3F;¢ in bits 0 to 5 of vertical 
position register 4. The structures of the vertical position 
registers are shown in Figure 22. 


7 0 
Raa Vertical position register 


Vertical position register 1 

_ : CV1 (address 00E14.) 
Vertical position register 2 

: CV2 (address 00E2,.) 
Vertical position register 3 

: CV3 (address 00E3i6) 


Setting of lower 8 bits of 
vertical display start position 


Vertical position register 4 
: CV4 (address 00E4;.) 


Setting of upper 2 bits of block 1 
vertical display start position , 


Setting of upper 2 bits of block 2 
vertical display start position 


Setting of upper 2 bits of block 3 
vertical display start position 





Fig. 22 Structure of vertical position registers 


The horizontal position is common to all blocks, and can be 
set in 256 steps (where one step is 4Tc, Tc being the dis- 
play oscillation period) as values 0046 to FF,. in the hori- 


display 


Vertical display positions can be selected for each block 
from 1024-steps in single scanning line units. 
If'a display start position is superimposed on another block 
((b) in Figure 23), the block with the smallest number (1 


to 3) is displayed. 


If the display position of a block comes while another block 
is displayed ((c) in Figure 23), the second block is dis- 


played. 
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Bits 0 and 1 of 
CV4, and CV, 


Bits 2 and 3 of 


CV4, and CV2 
Block 2 
Bits 4 and 5 of CV4, and CV3 
Block 3 


(a) Example when each block is separated 





Bits 0 and 1 of 
CV,, and CV, 

Bits 2 and 3 of 
CV,4, and CV» 


Bits 4 and 5 of CV,, and CV; 


Block 3 


(b) Example when the display start position of a block overlaps with some other block 





Bits 0 and 1 of 


CV,, and CV; : 
Bits 2 and 3 of = 1-1, 


CV.4, and CV. 


Bits 4 and 5 of CV,, and CV; 


Block 3 


(c) Example when one block is displaying some other block ts superimposed 





Fig. 23 Display position and- value of vertical position registers CVx (x : 1 to 4) 
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Horizontal position register 
> HR (Address 00E0,¢) 


Horizontal display start position 
256-steps from 006 to FF 4, 





Fig. 24 Structure of horizontal position register 


(2) Character Size 

The size of characters to be displayed can be selected 
from 30 types, by combining 5 vertical types and 6 horizon- 
tal types in block units. Set the size with the character size 
registers (addresses 00D7,, to 00D9,,). Either of two char- 
acter font configurations, 12 dots wide X 20 dots high or 16 
dots wide X 20 dots high, can be selected for each block. 
The configuration of the character ROM font is shown in Fi- 
gure 26. 

The display start position in the horizontal direction is the 
same, regardless of changes in character size, but it does 
differ if the character font configuration is changed. The 
display start position in the horizontal direction for 16 dots 
wide X 20 dots high characters is 4T¢ to the right of that for 
12 dots wideX 20 dots high characters. 


Character size register 
Character size register 1 
> CS1 (address 00D7,¢) 
Character size register 2 
: CS2 (address 00D8,,) 
Character size register 3 
: CS3 (address 00D94¢) 


Vertical character size switching bits 
000 : 1 dot =1H 
001 : 1 dot =2H 
010 : 1 dot =3H 
011: 1 dot =4H 
1XX : 1 dot =1/2H 


Horizontal character size 
switching bits 
000 : 1 dot =1Tc 
001 : 1 dot =2Tc 
010: 1 dot =3Tc 
011: 1 dot =4Tc 
1X0 : 1 dot =6Tc 
1X1: 1 dot =8Tc 


Character font configuration 

switching bit 
0 : 12 dots wide X20 dots high font 
1 : 16 dots wide X20 dots high font 


Note 1 : 1H =1 scanning line width 
2: Tc: Display oscillation period 
3:X:1o0r0 





Fig. 25 Structure of character size registers 





For the 12 dots wide 
X 20 dots high font, 
the shaded part of 
the character ROM 
font is displayed 


YVAN LL 2 
1 0 VIVIAN ALT 
WAY MALAY ASA | td 
VV MALL | | 
VSYALT/VVALY IV ALELV ALA | |S 


Character ROM font configuration diagram 


Fig. 26 Character ROM font for 12 dots wide X 20 dots 
high font 
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The 1 dot=1/2 scanning line display function differentiates 
between odd-numbered and even-numbered fields from 
differences in the waveform in the synchronization signals 
used by the interlace method, and displays one character 
font for both fields. Bit 6 of the sync generator control regis- 
ter (address 00E9,,) controls the active edge of the field 
identification flag, and the character font divided for each 
field can be selected. 

The field identification flag can also be read out from bit 6 
of the display block counter (address 00EB,,). 


<—— 4Tc 


Size : 
1 dot = 1Tc 
Size : 
Size : 1 dot = 2Tc 
1 dot = 2Tc 
Size : 1 dot = 3Tc Size : 1 dot = 3Tc 


Size : 1 dot = 4Tc Size : 1 dot = 4Tc 
Size : 1 dot = 6Tc Size : 1 dot = 6Tc 


Size : 1 dot = 8Tc Size : 1 dot = 8Tc 
oom ae ae Display start position for 16 X20 dot characters 


Display start position for 
12 X20 dot characters 





Fig. 27 Display start positions (horizontal) for each character size 
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The description below assumes that field identification is 
based on the case where the active edges of both the hori- 
zontal and vertical synchronization signals are negative. 
Each field is identified as either odd or even by the hard- 
ware detecting the positions of the falling edges of -the 
horizontal and vertical synchronization signals, and compar- 
ing them. Therefore, to ensure correct field identification, 
make sure that the two synchronization signals are input in 
accordance with the identification criteria given below. 
Since the field identification is based on the system clock 
(Xin), make sure that the value of bit 4 of the sync gener- 
ator control. register (address 00E9,,) is changed in 
accordance with the frequency of the system clock. 
Even-numbered field - The vertical synchronization signal 
falls within 24s before or after the 
fall of the horizontal synchronization 
signal. 

- The vertical synchronization signal 
falls within 2us before or after a 
point 1/2 a cycle after the fall of the 
horizontal synchronization signal. 


Odd-numbered field 




















Sync signal 


(Example : negative edge input) 


Horizontal 
sync signal 





Odd-numbered 


field 
Vertical sync 
signal 


Horizontal 
sync signal 

























Even-numbered 
field 






Vertical sync 
signal 





b7 b6 bd b4 b3 b2 bl b0 b7 b6 bd b4 b3 b2 b1 b0 


Ose EAL ae oe 
BERR SERRRESAN 
Beam e ete os eee 
al Sh aed ede cl 
Se SAAS ReSE SRE 

fella 

ees 
















Ie ee 
a eH a a 


Character ROM font configuration 


Field identification flag active] Field identification flag bit 
edge bit (bit 6 of the sync 


generator control register) 






Example : 


Note : The field identification flag changes at the fall of the vertical sync signal (negative edge input) 


<5, 63 5usec 


<— 1/2 cycle > 


Horizontal 
sync signal 


ec cas 
2u sec: 2u sec 


<> 
2u seci2u sec 


Vertical sync 
signal 


Even-numberd field Odd-numbered field 





Fig. 28 Identification criteria for field identification 












(bit 6 of the display block 
counter) 





Display font 
| 














When the field identification flag active edge bit is 0, odd- 
numbered fields display the [} font and even-numbered fields 
display the L] font, Bit 6 of the display block counter can be 
read as the field identification flag : it is “1” for an odd- 
numbered field, “O” for an even-numbered field 





Fig. 29 Relationships between field identification flag and display font 


2—324 


ITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37260M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 


Character code 


: Nie 
(where n = 0 to 1FFi.¢) 


Address in display ROM Data in display 


b7b6b5b4b3b2b1b0 
3000,.+ 20, 6X Niet O16 
30001¢6+ 2016 Niet 216 
300016+20:6X Net4i6 
300016+2016* Niet 6i6g 
300016+2016% Nig t 816 
30006420, PP 4 NetAis 
30001;6+20;5X nig t Cre 
3000,.6+20, 6X Niet Exe 
3000,6+20, aX Nig t1 O16 
3000,¢+20, 6X Nie t1 246 
3000,6+20,6X Nig t1 4i6 
3000,6+2016X Nig t1 616 
3000,6+2016X Niet1 816 
300016+2016X Nig t1 Ais 
300016+2016X Niet 1 Cis 
3000;6+2016X ny et1 Ex6 
b7b6b5b4b3b2b 1b0 

700016+ 816% Niet O16 
7000;6+816X Niet 216 
7000164 816% Niet 46 
7000,6+816X Net S16 


Fig. 30 Storage format of display characters 


(3) Display Memory 

There are two types of display memory: CRT display ROM 
(addresses 3000,, to 7FFFi.) which contains previously 
stored (masked) character dot data, and display RAM 
(addresses 2000;¢ to 27FFi¢) which specifies characters 
and colors to be displayed. These memory types are de- 
scribed below. . 

@ CRT display ROM (addresses 3000, to 7FFF 46) 

The CRT display ROM contains dot pattern data for display 
characters. To display these stored characters in operation, 
specify character codes (code determined based on 
addresses in CRT display ROM) that are specific to those 
characters, by writing them to the CRT display RAM. 

Since the CRT display ROM has contains 20K bytes and 
the data for one character takes up 40 bytes, 512 charac- 
ters can be stored. However, a two-character space is re- 


M BISHI 
ate MTSUBS 


Address in display ROM Data in display 


b7b6b5b4b3b2b Ib0 

3000,6+2016X Nie t1 16 
3000,6+2016X Niet 316 
300016+2016X Niet 516 
3000,6+201:6X Niet7i16 
300016+2016X Niet 916 
3000,6+201;6X Net Bis 
3000 6+ 2016X Niet 
3000,6+20:6X Niet 
3000 ;6+2016X Niet 
3000,¢6+201:6X Niet 
3000,6+2016X Niet 
3000,6+201:6% Niet 
3000,6+ 2016X Net 
3000, e+ 2016X Niet 
300016+2046X Niet 1 Die 
3000,¢+2016X Niet Fig 


b/b6b5b4b3b2b 1b0 
700046+816X Niet 1 16 
700016 + 816 X N16 16 
70006 + 8igX Met 516 


7000;6+816X Niet716 








quired for test purposes, so in practice 510 characters can 
be stored for display. . 

Within the CRT display ROM area, data for part of each 
character that is (upper 16 dots high) X [left-hand 8 dots 
wide) is stored at addresses 300Xi¢ to 3FFXig (where X = 
O, 2, 4, 6, 8, A, C, E), data for part of each character that is 
(upper 16 dots high) X [right-hand 8 dots wide) is stored at 
300Y1, to 3FFY,, (where Y=1, 3, 5, 7, 9, B, D, F), data for 
part of each character that is [lower 4 dots high) X L[left- 
hand 8 dots wide) is stored at addresses 700Mi¢ to 7FFM4, 
(where M=O, 2, 4, 6, 8, A, C, E), and data for part of each 
character that is [lower 4 dots high) X [right-hand 8 dots 
wide) is stored at 700Ni¢ to 7FFNig (where N=1, 3, 5, 7, 9, 
B, D, F), as shown in Figure 30. 
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Table 3. Character Code Chart (Partially abbreviated) 


Character data storage address 
Left-hand 8 dots Right-hand 8 dots 


Upper 16 Lower 4 | Upper 16 Lower 4 
dots dots dots 


dots 
300016 700046 300116 



















Character 
code 









































Each character code used when specifying display charac- 
ters is defined as nig (where n=O to 1FF), and is deter- 
mined based on the address in CRT display ROM that con- 
tains the data for that character (see the storage format of 
display character shown in Fig. 30). The character codes 
are listed in Table 3. 

@ > CRT display RAM (addresses 200016 to 27FF1¢) 

The CRT display RAM is allocated at addresses 2000;¢ to 
27FF,., and is divided into a display character code speci- 
fication part and a display color code specififcation part for 
each block. The contents of this area are shown in Table 4. 
For example, to display one character at the first character 
position (the left edge) of block 1, write the character code 
to bit 6 of address 20C0,, and to address 2000,., and write 
the color code to the lowermost 6 bits (bits 0 to 5) of 
address 20C0,,. For details of the color codes, see section 
(4) Color codes. The structure of the CRT display RAM is 
shown in Fig. 31. 
When generating a mask for the M37260M6-XXXSP, note 
that the character patterns of Table 6 and Table 7 must be 
written to the specified addresses as a test character pat- 
tern. 


! 
f 
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Table 4. CRT display RAM description 


Display position Character code specification 
Block 


1/2 character unit color code 
(from left side) High-order 1 bit} Low-order 8 bit specification 


1st character 20C0i6 200016 2180, 6 
2nd character 20C 116 200146 20C1i6 2181 16 
Block 1 ° 










Color code specification 















3rd character 20C 216 200216 20C 216 218246 
38th character 20E5i6 202516 20E5i¢ 21A5i6 
39th character | 20E6ie =| 2026 ie 20E6 16 21A6i6 
40th character 20E716 202716 20E7i6 21A716 





1st character 210016 204016 210016 
2nd character 210146 204116 210116 


3rd character 210216 






Block 2 
















38th character 212546 


39th character 212616 206616 212616 


40th character 21 27lis 206746 21 2/16 





Not used 















1st character 214046 


214116 


3rd character 214246 








Block 3 





38th character 216516 


39th character 216616 20A6i¢6 
40th character 216716 20A7i6 216716 












Not used 
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Block 1 
(Character specification] 


1st column : 2000,. 
to 
40th column : 2027,, 


Low-order 8 bits of character code 


(Color and character specification) 


Ist column : 20C04. 
to 
40th column : 20E7;. 


Color code specification in the normal mode or 
former 1/2 color code specification in the 1/2- 


character unit color specification mode 
High-order 1 bit of character code 


1st column : 21801. 
to 
40th column : 21A7;, 


Latter 1/2 color code specification in the 1/2- 
character unit color specification mode 


Block 2 and 3 
(Character specification] 


Ist column : 2040,, 


to 
40th column : 2067;. 


(Addresses 208016 to 20A71¢ Low-order 8 bits of character code 
in the case of block 3) 


(Color and character specification] 


1st column : 21004. 
to 
40th column : 2127,, 


(Addresses 2140,, to 216746 . 
in the case of block 3) Color code specification 


High-order 1 bit of character code 





Fig. 31 Structure of CRT display RAM 
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@ Block overwriting function of display memory 

Character codes or color codes for 40 characters can be 
written for each block in a batch by overwriting data at a 
specific address. 

The addresses for block overwriting, the addresses in dis- 
play memory overwritten by these addresses, and the con- 
tents of these addresses are listed in Table 5. 

















Addresses in overwritten 


Table 5. Block overwriting of display memory 
Address for 


Memory contents 
block overwriting display memory 


Note - After a write instruction 1s executed for a block overwrit- 
ing address, wait at least 60 machine cycles before 
issuing a read or write instruction from the CPU for a 
block overwriting address or for display memory. 





Block 1 


Block 2 
Block 3 


Block 1’ 


Block 2’ 


Fig. 32 Display RAM date access 
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@ Notes on display RAM data access 

lf the display RAM is accessed (data read or write, block 
write) from the CPU during OSD display, make sure that 
the display RAM for each block is accessed after it has 
been confirmed that the block has been displayed, by an 
event such as a CRT interrupt. 

RAM data can be destroyed if the display RAM for a block 
that is currently being displayed is accessed. 


Biock 1 CRT interrupt 
to block 1 display RAM access enabled 


Block 2 CRT interrupt 
to block 2 display RAM access enabled 


Block 3 CRT interrupt 
to block 3 display RAM access enabled 
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1 


Table 6. Test character pattern 1 settings 












6FECi¢6 
6FEDi¢ 






Data 
0016 
0016 
0016 


0016 
0016 


0016 








6FF316 





| 
| 
| 
l 6FF2.6 
| 
| 


6FF4i6 001, 


6GFF5i6 


6FFOi¢ 0016 
6FFti¢ 0016 


0016 
0016 


0016 





0016 









6FEAi6 0016 6FFAi6 0016 
6FEBi6 ; 0016 6FFBi¢e 0016 


6FFCi¢ 












0016 





























Table 7. Test character pattern 2 settings 





































































hadrons [bala [tates bas 
| BF COrs | Be | EFDOe |e 
|) EFC tig | tte =] FDte | Re 
| BFC 26 | Ore || GFZ g | Oe | 
| GFC31g | 6 || EFOS1g | 01 
7 

6FC6i6 006 6FD6 16 0016 
0016 6FD7 16 
4416 6F D816 W416 
4416 6FD916 ie 

6FCAi6 0016 6FDAi6 0016 
6FDB 16 0016 
6FDC16 0016 
| BFCDig | 016] FD 00:6 
| BFCEe | O16 || GFE re 0016 
| GFCFig | 005 |] BFF ie 0046 
| TFFOe | O86 || FF 46 0016 
| FIs | 8816 || EFS1e | 0046 

7FF2i6 00:5 | 7FF616 8016 
0016 || TFF 716 







(4) Color Codes 

The color each display character can be specified by spe- 
cifying the four color outputs (R, G, B, and I) with the CRT 
display RAM. A color code can be specified for each char- 
acter, and 2*=16 colors can be set. 

The R, G, B, and | outputs are set by bits 0 to 3 of the color 
code, character or blank output is set by bit 4, and charac- 
ter output or blank output is specified by bit 5. The struc- 
ture of the color code is shown in Figure 33. 


7 0 
REP aR Color code 


Block 1 (addresses 20C0j¢ to 20E7 16, 
and 218016 to 21A746) 

Block 2 (addresses 21006 to 212746) 

Block 3 (addresses 2140;¢ to 21 6716) 


R pin output selection bit 
0 : Nocharacter output 
1 : Character output 


G pin output selection bit 
Q : No character output 
1’: Character output 


B pin output selection bit 
0 : No character output 
1 : Character output 


! pin output selection bit 
0 ‘ No character output 
1 : Character output 


OUT pin output selection bit (Note) 
0 : Nocharacter and blank output 
1 : Character and blank output 


OUT pin output control bit (Note) 
0 : OUT pin character output 
1 + OUT pin blank output 


High-order 1 bit of character code 


Note : When the border function (described later) is used, 
the border back output has priority over these two bits 
(bits 4 and 5) for the OUT pin output 





Fig. 33 Structure of color code 
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(5) 1/2-Character Unit Color Specification * Left-hand half : The color of the color code specified by 


Mode bits 0 to 5 of color code specification addresses 20C0,, 
Colors can be specified in 1/2-characters units for the to 20E7,, in the CRT display RAM. 

characters of block 1 alone, by setting bit 4 of the CRT ¢ Right-hand half : The color of the color code specified 
control register (address O0EA;,). In 1/2-character unit col- by bits 0 to 5 of color code specification addresses 
or specification mode, each half of a display character in 2180,, to 21A7,, in the CRT display RAM. 


block 1 is displayed as follows: 


Color of the color code Color of the color code 
specified by bits 0 to 5 specified by bits 0 to 5 Block 1 


of address 20C0i¢ of address 200116 


(a) Ordinary display 


Color of the color code Color of the color code Color of the color code : Color of the color code 
specified by bits 0 to 5 : Specified by bits 0 to 5 specified by bitsOto5 specified by bits 0 to 5 Block 1 
of address 20C0i¢ of address 2180, of address 20C 14, | of address 218116 


(b) Display with 1/2-character unit color specification 





Fig. 34 Correspondence between ordinary color specification and 1/2-character unit color specification mode 
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(6) Multiline Display 

The M37260M6-XXXSP can ordinarily display three lines of 
characters, in three blocks with different vertical positions. 
In addition, up to .25 lines can be displayed by using CRT 
interrupts and the display block counter. 

A CRT interrupt is a function that generates an interrupt for 
each block at the point at which the display of any desired 
number of dots has been completed. In other words, when 
a scanning line reaches the point of the display position 
(specified by the vertical and horizontal position registers) 
of a certain block, the character display of that block starts, 
and an interrupt is issued at the point at which the number 
of dots set by the interrupt position control register is ex- 
ceeded. 

If the lateral character size has been set to 1 dot = 1/2 
scanning line width, the CRT interrupt position can be set 
to 10 steps in 1 block/2 dot units; for all other scanning line 
widths it can be set to 20 steps in 1 block/1 dot units. 

The display block counter counts the number of times the 
display of a block has been completed, and its contents are 
incremented by 1 each time the display of one block is 
completed. 

To provide multiline display, enable CRT interrupts by 
clearing the interrupt disable flag to “O” and setting the 
CRT interrupt enable bit (bit 4 at address OOFE;,) to “1”. 
The processing within the CRT interrupt processing routine 
is as follows. 





2-332 


@Read the value of the display block counter. 

@The value of @ enables identification of a block whose 
display has completed (whether a CRT interrupt genera- 
tion cause has occurred). 

@Read the interrupt position control register. 

@The value of @ enables identification of the number of 
dots at which the CRT interrupt is to occur. 

© Write the display character code, color code, and display 
position of that block into the character code, color code 
(CRT display RAM contents), and vertical display posi- 
tion (contents of vertical position register) to be display- 
ed next. 

The structure of the display block counter is shown in Fi- 
gure 35. 


Display ‘block counter 
: CBC (address 00EB;,) 


Display of number of blocks 
during or after display 
(Incremented each time a block is 
displayed ) 


Field identification flag 





Fig. 35 Structure of display block counter 
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(a) When lateral character size is not 1 dot =1/2 scanning line width 


Interrupt occurrence 
position control register | Timing of interrupt request generation 
4 | b3 | b2 | bt | bo 
0 


0 0 


7 0 
| 


nterrupt occurrence position 
control register 


Block 1 interrupt occurrence 
position control register 


: Cll (address 00DD,,) 


Interrupt after completion of 1-dot display 
Interrupt after completion of 2-dot display 
Interrupt after completion of 3-dot display 
Interrupt after completion of 4-dot display 


Block 2 interrupt occurrence 
position control register 


: Cl2 (address O0DE,,) 


Block 3 interrupt occurrence 
position control register 
: CI3 (address OODF;.,) 


Interrupt after completion of 20-dot display 


| Interrupts disabled (no interrupt requests ) 


Interrupt request generation 
position specification 





; : Timing of interrupt request generation 
position control register 
Odd-numbered | Even-numbered 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 


Fig. 36 Structure of interrupt position control register 


i 
Block 1 20 dots 3 
Interrupt request 
Block 2 
Interrupt request 
Block 3 
0 


Interrupt request 
. Block 1’ 


(a) Interrupt request after block display 


Interuptafter; 5 | 6 dot 
completion of| 7 |B aisplay 


Interrupts disabled (no interrupt requests) 





interrupt request 





Block 1 


Block 2 imevuphredues Fig. 38 Timing of interrupt request generation with respect 
interrupt request 


to values in interrupt position control register 


Block 3 


Interrupt request 
Block 1° Interrupt request . 


(b) Interrupt request during block display (after 10 dots displayed) 





Fig. 37 Timing of CRT interrupts 
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Count value 


Interrupt 
positions 


Block 3 
Block 1’ 





Fig. 39 Timing of CRT interrupts and values in display block counter 


(7) Scanning Line Double-Count Mode 

Scanning line double-count mode enables an increase in 
character size in the vertical direction to twice the normal 
size, and it can also double the display start position of the 
characters in the vertical direction by double-counting 
scanning lines. In other words, the vertical position register 


sets either a normal mode in which one step is one scan- — 


ning line, or a scanning line double-count mode is which 
one step is two scanning lines. 


Vertical position A 


= : Scanning line 20 lines 


(a) Display in the normal mode 





Scanning line double-count mode can be specified by set- 
ting bit 6 of the CRT control register (address O00EA;,) to 
a fase 

Since this mode functions in screen units, a change in 
mode while a screen is being displayed is not validated un- 
til the next screen is displayed. 


Vertical position AX2 


Scanning line 40 lines 


(b) Display in the scanning line double count mode 


Fig. 40 Corresponding between normal mode display and scanning line double-count mode display 
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(8) Border Function The border can be set in block units by the blank control 
A one clock (one dot) border can be drawn around each registers (addresses OODAi¢.to 00DCi,¢). The relationship 
character displayed, in both the horizontal and vertical between the settings of the blank control registers and the 
directions. border function are listed in Table 8, and the structure of 
This border is output from the OUT pin. In this case, bits 4 the blank control registers is shown in Fig. 42. 


and 5 in the color code (the OUT pin output contents) are 
ignored, and the border output is output from the OUT pin. 


Table 8. Corresponding between the blank control register value and border function 


Blank control register 
Function Output example 
R, G, B, | output panels (iy Sees 
OUT output 


Paes iy Sane 
R, G, B, | output eee 


OUT output emer Bs 
R, G, B, | output 






Normal 














Border including character 











Border excluding character 





OUT output 


7 0 
pe dee ete Blank control register 


Blank contro! register 1 
> BL1 (adress OODA,.,) 
Blank control register 2 
: BL2 (adress OODBi 6) 
Blank control register 3 
: BL3 (adress 00DC,,) 


Border type 

X0 : same as the R, G, B, and | outputs 
01 : Border output including character 
11 : Output of border alone 


R pin output 

0 : No character background 
coloring output 

1 = Character background coloring 
output 


G pin output 
0 : No character background 
coloring output 
1 : Character background coloring output 





Cts border 
@ is display by character data B pin output 
0 : No character background 
Fig. 41 Border example coloring output 


1 : Character background coloring output 


| pin output 
0 : No character background 
coloring output 
1] : Character background coloring output 





Note : X means O or 1 


Fig. 42 Structure of blank control registers 
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(a) When vertical character size is not 1 dot = 1/2 scanning line width, borders avobe the 
uppermost dots and borders below the lowermost dots of the character font are not displayed 


07 ."--o-.-2.27™r 
Ve) | | | VR | || 
UMMA | | | VA | |) VA 

fea eee eke eases 


Sse Reh eeeee 
20 dots Rzeee 


a boltbe le Pal ia | Bch ee 
UM | | | VTA | | | AZT - Character dots 
VM | | | VAM | || ZZ : Border dots 


(b) When vertical character size is 1 dot = 1/2 scanning line width, borders avobe and below the 
uppermost dots and borders below the lowermost dots of the character font are not displayed 


16 dots 


Se tN 
A UE eee 
es a a HO 
—+1l ____ 

See Ree eee 

Coe tn 
pel ie Meee eee heaps] 
le ete Belles aP ods poled | 
ee Ae ose eth Ss) 
pea Necd) cl Wea hehehe Fedo 
Shae e eee eee 
pefeiiec be tosis Fea cle cela 
SERRE 


REPRESS 
TC 
UMM | | | VR | 


WY 


SeRERE SARA RR 
SSSeeeeeeneean 


We 
/ 6 





Fig. 43 Notice of border function 
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(9) Character Background Color Function 

The character background of the 16X20 or 12X20 area of 
a character (the blank part), excluding the character part 
_itself, or character border part can be colored. The back- 
ground color can be selected from 16 colors set by bits 2, 
3, 4, and 5 of the blank control register. Since a back- 
ground color can be set for each block, up to 15 back- 
ground colors can be set for a screen when multi-line dis- 
play is used. 


Table 9. Display types 


Display memory 
color code 


Blank io ae OUT signal 


io ae background 


coloring signal 


No OUT signal 
No background 
coloring signal 


OUT signal same 
as R, G, B, and | 


No background 
coloring signal 
Border including 
character 








Border coloring 
signal 
Border-only 
output 


pepe Border coloring 
signal 
Blank output 
a Background 
coloring (Note 1) 
fe Blank output 





Note 1: 





Background coloring 
with border (Note 1, 2) 


- If there are no character R, G, B, and | outputs, the background R, G, B, and | signals become the same as the OUT output 
2 : When the characters (© and@ in Figure 44) have the dots which are displayed adjoining a character (@ in Figure 44) 
whose display type ts the background coloring with border, the border of the adjoined characters (@ and ©) in Figure 44), 
bear no relation to the display type; are displayed in the background area (@ in Figure 44) 
n:1to3 
x :Oor1 


Six character display types with background colors can be 
selected by combining bits 4 and 5 of the display memory 
color code with bits 0 and 1 of the blank control register. 


Example of 


Example of output signal 


R, G, B, and | 
for character 
OUT 

R, G, B, and | 
for background 
R, G, B, and | 
for character 
OUT 

R, G, B, and | 
for background 
R, G, B, and | 
for character 
OUT 

R, G, B, and | 
for background 
R, G, B, and | 
for character 
OUT 

R, G, B, and | 
for background 
R, G, B, and | 
for character 
OUT 

R, G, B, and | 
for background 
R, G, B, and | 
for character 
OUT 

R, G, B, and | 
for background 





character 


_| Character width = 


PLL 
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7 
Mixing circuit control register 
(address 00E5;¢) 
Mixing output control bits 
00 : No internal or external 
color signal output 
01 : Internal color signal output 
10 : External color signal output 
11 : Mixed internal and external 
color signal output 
Overlapped part control bits 
00 : No priority given to internal 
Background coloring Background coloring No background and external color signals 
character with border character with border coloring character of overlapped part 
01 : External color signal of 
overlapped part has priority 
Fig. 44 Notice of character background color function 10 : Internal color signal of 
overlapped part has priority 
Pa » 11 : No internal or external color 
(1 0) Mixing Function : signal output for overlapped part 
Color signals (MXR, MXG, MXB, MXI,:and MXOUT) input 
from outside and color signals (R, G, B, |, and OUT) gener- 
; : ; | pin color signal/overlap signal 
ated internally can be ORed and output as a mixed signal. switéhing bit 
The mixing control register (address 00E5,¢) can be used 0 : Color signal output 
to turn on and off the mixing of the external and internal 1 : Overlap signal output 
color signals, and also to specify which of the two signals 
has priority when they are combined. OSC oscillation circuit switching bits 
The | pin can be switched to output an overlapped signal OXX : RC oscillation circuit 
indicating the parts of the external color signals (MXR, ~ 10X - LC oscillation circuit 
MXG, MXB, MXI, and MXOUT) and internal color signals Note - X means 1 or 0 
(R, G, B, |, and OUT) that are overlapped. Fig. 45 Structure of mixing control register 


The MXB and MXI pins can also be used as external input 
pins for timer 2 and timer 3. 

Examples of displays generated with an internal color sig- 
nal for the letter “I” and an external color signal for the let- 
ter “O” are shown in Figure 46. 


Display when neither external nor Display internal color signal has Display when external color 
internal color signal has priority priority signal has priority 





Fig. 46 Examples of display provided by mixing function 
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(11) CRT Output Pin Control 

The CRT output pins R, G, B, |, and OUT and the sync- 
generator output pin CSYN can also function as ports P4o, 
P4,, P42, P43, P4,, and P4;. Clear the corresponding bit of 
the port P4 mode register (address 00C9,¢) to “0” to spe- 
cify that pin as CRT output pin, or set it to “1” to specify it 
as an ordinary port P4 pin. 

The input active edges of the Hsync, Vsync, MXR, MXG, 
MXB, MXI, and MXOUT signals can be specified with the 
bits of the CRT input polarity register (address O0E8j.) , 
and the output active edges of the R, G, B, |, and OUT sig- 
nals can be specified with the bits of the CRT output polar- 
ity register (address 00EC,,). Clear a bit to “0” to specify 
positive active edge; set it to “1” to specify negative active 
edge. The structure of the CRT output polarity register is 
shown in Fig. 48 and that of the CRT input polarity register 
is shown in Fig. 49. 


(12) Raster Coloring Function 

An entire screen (raster) can be colored by setting the up- 
per 5 bits of the CRT output polarity register. Since each of 
the R, G, B, and | pins can be switched to raster coloring 
output, 16 raster colors can be obtained. 

If the OUT pin has been set to raster coloring output, a ras- 
ter coloring signal is always output during the horizontal 
scanning period. This setting is necessary for erasing a 
background TV image. 

If the R, G, B, and | pins have been set to raster coloring 
output, a raster coloring signal is output during the horizon- 
tal scanning period whenever there is no other color char- 
acter output. This ensures that character colors do not mix 
with the raster color. 

An example in which a magenta letter “I” and a red letter 
“OQ” are displayed with blue raster coloring is shown in Fig. 
47. 


NAY “RED” 
V/A “BLUE” 


Signals across 
A-A’ 





Fig. 47 Example of raster coloring 





7 0 
rt of} ft ft oY |) CRT output polarity register 


(address 00EC 4.) 























R/G/B output active edge bit 
0 : Positive active edge output 
1 : Negative active edge output 





| output active edge bit 
0 : Positive active edge output 
1 : Negative active edge output 





OUT output active edge bit 
0 : Positive active edge output 
1 : Negative active edge output 





R output switching bit 
0 : R output 
1 : Raster coloring output 


G output switching bit 
0 : G output 
1 : Raster coloring output 


B output switching bit 
0 : B output 
1 : Raster coloring output 








eran eeee 


| output switching bit 
0 : | output 
1 : Raster coloring output 


OUT output switching bit 
0 : OUT output 
1 : Raster coloring output 


Fig. 48 Structure of CRT output polarity register 


CRT input polarity register 
(address 00E8,,) 


Hsync input active edge bit 


Vsync input active edge bit 


MXR/MXG/MXB input active edge bit 


MX! tnput active edge bit 
MXOUT input active edge bit 
INT input active edge bit 

— Test bits : set to “00” 


0 : Positive active edge input 
1 : Negative active edge input 


Fig. 49 Structure of CRT input polarity register 
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(13) Wipe Function 

© Wipe mode 

The M37260M6-XXXSP allows the display area to be gra- 
dually expanded or shrunk in the vertically direction in units 


of 1H (H: Hsync signal). There are three modes for this 
wipe method. Each mode has Down and UP modes, provid- 
ing a total of six modes. 

Table 10 shows the contents of each wipe mode. 


Table 10. Wipe operation in each mode and the values of wipe mode register 


Wipe operation 


Appear from 


upper side 


Erase from 








lower side 


Erase from 


upper side 


Appear from 


nN 








lower side 


Erase from both 


upper and lower side | 


Appear to both 





upper and lower side | 





2) Wipe speed 
The wipe speed is determined by the vertical synchroniza- 


tion (Vsyne) signal. For the NTSC interlace method, assum- 
ing that 


V=16.7ms 262.5 Hsync Signals per screen 


Table 11. Wipe speed (NTSC method with interlacing, 
H= 262.5) 



















Wipe resolution 
1  H_ unit 
2 4H 
4 H 


Wipe speed (in all picture) 
16.7 (ms) X262.5+ 1 = 4 (s) 
16.7 (ms) X262.5+ 2 = 2(s) 
16.7 (ms) X262.5+ 4 = 1 (s) 


















unit 

















unit 


=OR 


Wipe mode register 























The wipe speed is shown in Table 11. 

Wipe resolution varies with each wipe mode. In mode 1 
and 2, one of three resolutions (1H, 2H, 4H) can be 
selected. In mode 3, wipe is done in units of 4H alone. 


Table 12. Wipe mode and wipe resolution 


Wipe 
Wipe speed 
resolution 
1H Unit 
2H Unit 
4H Unit 


4H Unit 





about 4 second 





about 2 second 
about 1 second 
about 1 second 
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Table 13. Relationship between wipe speed:and wipe resolution 


Wi luti Wipe speed (full screen) 
ipe resolution 
P " NTSC method PAL method Bi-scan method (525H/flame) 


1H (2H) unit about 4 second about 6 second about 4 second 
2H (4H) unit about 3 second about 2 second 
4H (8H) unit about 1 second about 1.5 second 


Note : Values in parentheses refer to resolutions for bi-scan method. 
To perform a wipe with the bi-scan method, set bit 6 of the CRT control register to “1” 









i 





SYNC GENERATOR 


The sync generator can output a total of six synchronization 


ul 0 signals - NTSC method with interlacing, without interlacing, 
Wipe mode register bi d PAL Soaps: ; ; ; 
(address 00ED,.) id ayntas : method with interlacing, without inter- 
; acing, or bi-scan. Sin izati 
Sais eaiwetichttie g ce the eynenionization signal is Ourput 
00 : Wipe disable from the CSYN/P4; pin, set bit 5 of the port P4 mode regis- 
01 : Mode 1 ter to “OQ”. 
10 : Mode 2 Activate the sync generator by clearing bit 7 of the sync 
11 - Mode 3 generator control register to “0” and setting bit 4 to match 
the Xi, clock fre ncy. 
Direction mode selection bit Le AEOnSY ; 
0: Down mode 
] | UP mode 
Wipe unit selection bits 7 0 
00 : 1H unit ? Sync generator control register 
01 : 2H unit a ee (address 00E9,,) 
10 : 4H unit i; 
Stop mode selection bits Synchronization signal switching bits 


000 : NTSC with interlacing 
001 : PAL with interlacing 

010 : NTSC without interlacing 
011 - PAL without interlacing 
100 : NTSC bi-scan 

101 : PAL bi-scan 

110 : Do not use 

111 : Do not use 


00 : Stop at the 312th H 
01 : Stop at the 156th H 
10 : Stop at the 256th H 
11 : Stop at the 128th H 





Fig. 50 Structure of wipe mode register 


Supplied synchronization signal 
switching bit 
O : External input 
synchronization signal 
1 : Sync generator 
synchronization signal 





Xin Clock mode switching bit 
0 > Xin = 4HMz mode 
1: Xin = 8HMz mode 


CSYN pin output active edge 
switching bit 
0 : Negative active edge output 
1 : Positive active edge output 


Field identification flag active edge 
0 : Flag = 1 for odd-numbered field 
1 : Flag = 0 for odd-numbered field 


Sync generator clock supply 
0 : Clock supplied 
1 : Clock disabled 





Fig. 51 Structure of sync generator control register 
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Sync S|1S{S 
Contents of signal Waveform (in case the CSYN pin negative active edge output) 






















1924 sec 
With interlace 32u sec 32u sec 64 sec 
Even-numbered 1 2 3 4 5 6 E78 4t9 PylOpy ity yi2 13 ff 14 ff 15 Uf 16 Uf 17 
field 262 5H/field 4 sec 8u sec 8u sec 












’ With interlace 
Odd-numbered 
field 262 5H/field 
















64u sec 





Without interlace 
263H/field 






Without 
interlace 





8u sec 














32u sec 196 sec 





Without interlace 
525H/field 





Bi-scan 





4usec 


















1604 sec 









64sec 







With interlace 324 SEC 32u sec 
Even-numbered 1 2 3 4 5 16 7 8 9 7710 11 12 W 13 14 
field 312 5H/field k 4usec 8usec 8u sec 





With 
interlace 






With interlace 
Odd-numbered 
field 312 5H/field 















644 sec 168 sec 





Without interlace 
313H/field 





Without 
interlace 









8u sec 











32u sec 164 sec 








Without tnterlace 
625H/field 





Bi-scan 





4usec 
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RESET CIRCUIT 

The M37260M6-XXXSP is reset according to the sequence 
shown in Figure 53. It starts the program from the address 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFE,, as the 
low order address, when the RESET pin is held at “L” level 
for no less than 2us while the power voltage is 5Vt 10% 


RESET 


Internal RESET 


SYNC A! 


Address 


and the crystal oscillator oscillation is stable and then re- 
turned to “H” level. The internal initializations following re- 
set are shown in Figure 54. 

An example of the reset circuit is shown in Figure 55. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


KEK Gt SHS S- KEEFE KFFFEX AB.) 


Reset address from the vector table 


ae OKO KAKA ANA NADH) 


32768 count of f(X;y) (Note 3) 


Fig. 53 Timing diagram in reset 
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: Frequency relation of f(Xiy) and ¢ 1s f(Xjy)=2 ° ¢. 

: The mark “?” means that the address is change- 
able depending on the previous state 

- Immediately after a reset, FF1¢ is automatically set 
in timer 3 and 07,. in timer 4 and timer 4, timer 3 
and the clock (f(Xi) divided by 16) are con- 
nected in series 
Reset is canceled by the overflow signal of timer 
4 
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Address Contents of register 


[ 0. | 
L 


Port P1 direction register 00C 36° 0016 Supply voltage OV 





Port PO direction register COC li 














Port P2 direction register 00C 5g 00:6 








Port P3 direction register 00C7i6 x|x| 0 | 0 | ojo [eyo] 


RESET input 
Port P4 mode register 00C 96 006 voltage OV 


= 














Serial 1/O mode register 1 00CDig 0016 





Serial !/O mode register2 OOC Ei x10 


il 
til 


a 








| 


Character size register 1 00D7i6 


= 








Character size register 2 00D 8ig°:: 


x || X 
| 








H 


Character size register 3 00D 96 








i 
| 


Blank control register 1 00DAis 


E 


aI 








Blank control register 2 0O0DBig - 








Ea 


Blank control register 3 00DCi., 











Block 1 interrupt occurrence 
position control register 00DDi¢ 
Block 2 interrupt occurrence 
position control register 0O0DE:s 
Block 3 interrupt occurrence 
position control register 00DFi¢ 


x 
x 








| 
x] 





























x xX 





M37260M6-XXXSP 





Horizontal position register 0 0E O16 


























Vertical position register 4 O0E 4g Fig. 55 Example of reset circuit 








Mixing circuit control register OO0E Sig 








CRT input polarity register O0E 8i6 








Aina ee 


Syne generator control register OO0E 946 


CRT control register ODE Ais 


Display block counter OOEBig: |X o|o|o/o| 0 | 0 


CRT output polarity register O00 E Cig 0016 


Wipe mode register OO0OEDig |X r[0]o/0/o/o]o| 
fro. a ee, 


Timer 1 O0F 046 








Timer 2 OOF lis . 








Timer 3 O0F 246°: : 








Timer 4 OOF 3146 





Timer 12 mode register OOF 446° 








Timer 34 mode register OOF di 





Special mode register 1 OOF 746° 








Special mode register 2 OOF 8i¢ 





CPU mode register OOF Bis 











Interrupt request register1 00 F Cig 








Interrupt request register2 OOF Dig 








Interrupt control register 1 OOF Eig 











Interrupt control register 2 OOF Fig 








Processor status register 


























Contents 
PC di ents of address 


Program counter FFFF ig 














Contents of address 
PC, FE16 





* Since the contents of both registers other than those listed 
above and the RAM are undefined at reset, it is necessary to 
set initial values 
At reset, “0” 1s read from the bits marked X 





Fig. 54 - Internal state of microcomputer at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS output. 

As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00C0j¢. 
Port PO has a direction register (address 00C1j,) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address OOFB,,) , three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 

In these modes it functions as address (A7 to Aj) out- 
put port (excluding single-chip mode) For more de- 
tails, refer the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 


. port PO. In other modes, it functions as address (Aj;5 to 


Ag) output port. 

For more details, refer the processor mode information. 
Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D, to Do) 
input/output port. For more details, refer the processor 
modes information. 

Port P3 

Port P3 is a 6-bit I/O port with function similar to port 
PO, but the output structure of P39, P3, is CMOS output, 
and P3.-P3., is N-channel open drain. 

P32 is in common with the external input pin INT and 
the serial I/O input pin CS. 

When a serial I/O function is selected, P3, to P38, work 
as Srpy, Sin/Sour, and Sox pins. 

When a special serial 1/O function is selected, P3, and 
P35 work as SDA and SCL pins. 

In microprocessor mode or memory expansion mode, 
P3, and P3, work R/W output pin and SYNC output pin. 


OSC1, OSC2 pins 

Clock input/output pins for CRT display function. 

Hsyne: Vsync Pins 

Hsync is a horizontal synchronizing signal input pin for 
CRT display. 

Vsync is a vertical synchronizing signal input pin for 
CRT display. 

R, G, B, |, OUT pins 

This is a 5-bit output pin for CRT display and in com- 
mon with P4)-P4,. 

CSYN pin 

CSYN pin outputs the composite sync signal by the 
sync generator. 

CSYN pin is in common with P4s. 

MXR, MXG, MXB, MXI, MXOUT pins 

These are video signal input pins for mixing function. 
MXR, MXG, MXB, MXI, and MXOUT are in common 
with the input port P55, P53, P54, P55, PSs. MXB and 
MXI are also in common with the external clock input 
pins TIM2 and TIM3. 

¢ pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the Xin and Xour pins) is 
output from this pin. lf an STP or WIT instruction is ex- 
ecuted, output stops after going “H”. 
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Port PO, P1, P2, P3o, P3, 


CMOS 3-state output 


a 
Data bus ak Port latch = i 


ana | 
N-channel open drain output 


Direction register 
Lael 3 (_) Ports P3, to P3s 


Note : P32 may also be used as ex- 


( ) Port PO, P1, P2, P39, P3, 


Ports P3, to P35 


Data bus Port ne eoecmcniy | j : 
ternal interrupt input, and P3z3 
to P3, may also be used as 

anne — 


Hsync, Vsync, MXR, MXG, %, R, G, B, |, OUT, CSYN 
MXB, MXI, MXOUT 


CMOS output 


Data bus Hsync, Vsyne: 
MXR, MXG, MXB, 


MxXI, MXOUT Data bus ?, R, G, B, |, OUT, CSYN 


- Hsync, Vsync, MXR, MXG, | 
MXB, MXI, MXOUT pins may Note : R, G, B, Il, OUT, CSYN pins 
also be used as input port may also be used as output 
P59 to P5¢ port P4) to P4, 





Fig. 56 Ports PO to P3, Hsync; Vsync, MXR, MXG, MXB, MXI, MXOUT, ¢, R, G, B, |, OUT and CSYN pin block 
diagram 
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PROCESSOR MODE 

By changing the contents of the processor mode bits (bits 
O and 1 at address OOFB,,), three different operation mod- 
es can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode , ports PO to P3 can be used as address, and data in- 
put/output pins. 

Figure 60 shows the functions of ports PO to P3. 

The memory map for the single-chip mode is shown in Fi- 
gure 2 and for other modes, in Figure 57. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 


\N 


Internal ROM 


A000; 


20004. Display memory 


Display memory 


A 


Internal RAM 


internal RAM 
01001, 


SFR SFR 


Internal RAM 


Microprocessor mode 


00C0i¢ 


Internal RAM 
0000,, 


Memory expansion 
mode 


The shaded area is external memory area 





Fig. 57 External memory area at each processor mode’ 


microprocessor mode. 

The three different modes are explained as follows: 

(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO-P3 will work as I/O ports. 

(2) Memory expansion mode (01) 
The microcomputer will be placed in the memory ex- 
pansion mode after connecting CNVss to Vss and the 
processor mode bits are set to “01”. This mode is used 
to add external memory when the internal memory is 
not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and its !/O pin function is lost. 
Port P2 becomes the data bus of D7 to Do (including 
instruction code) and loses its I/O port function. Port 
P39 and P3, works as R/W output pin and SYNC output 
pin. 

(3) Microprocessor mode [10] 
The microcomputer will be placed in the microp- 
rocessor mode after connecting CNVss to Voc and in- 
itiating a reset or connecting CNVsgs to Vsg and proces- 
sor mode bits are set to “10”. In this mode, the internal 
ROM is inhibited so the external memory is required 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 14. 


Note 1- Use the M37260M6-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 

The standard is assured only in the single-chip 
mode. 

2: The display ROM cannot be placed on the exter- 
nal memory area. 





¢ MITSUBISHI 
ELECTRIC 


2—347 


MITSUBISHI MICROCOMPUTERS 


- M37260M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 


7 








Single-chip Memory expansion Microprocessor 
mode . mode mode 


Ports P07 to PO, Ports PO; to POo Same as left 


Addresses 


Ports P17 to P19 Ports P17 to P19 Same as left 


Addresses 
ff Lf 


Port P2 Ports P27 to P2 Ports P27 to P2o Same as left 


Data 
Le 


Ports P3; to P3, Ports P35 to P3, 
X I/O port ( 1/O port 


Port P3, . Port P3, 


Port P3, Port P3, 


Fig. 58 Processor mode and function of ports PO to P38 (CM,, CM, : bit 1 and bit 0 of CPU mode register) 

















Same as left 





Table 14. Relationship between CNVsg pin input level and processor mode 


Explanation 
* Single-chip mode The single-chip mode is set by the reset. All modes can be selected by changing the pro- 


* Memory expansion mode | cessor mode bit with the program. 
¢ Microprocessor mode 








The microprocessor mode is set by the reset 
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Data-set timing of CPU mode register 
The value of bit 0 and bit 1 in the CPU mode register is set CPU mode register 
at the second rising edge of the SYNC signal after the writ- (address OOFBi.) 
ing instruction is executed. 

However the value of bit 2 and bit 3 is set at the first rising 
edge of the SYNC signal, just as in the other registers. 01 


Processor mode bits 

00 : Single-chip mode 
: Memory expansion mode 
10 : Microprocessor mode 


11: Disable 


Stack page selection bit 
0 : In page 0 area 
1 : In page 1 area 


System clock output selection bit 
0 : Stop (reset-out) 
| : System clock output 





Fig. 59 Structure of CPU mode register 


ae ee (ee eee (a | 


Instruction Write instruction to CPU mode register Next instruction The next instruction 


Bits 2 and 3 Old data x Up to data data 
Bits 0 and 1 Old data x Up to data data 





Fig. 60 Data-set timing of CPU mode register 


Table 15. The value of CPU mode register at reset 


a ae eee eee 
fe Veo Io ica Et 10, | 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
63. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, timer 3 and 
timer 4 are connected automatically and FF, is set in the 
timer 3, 0116 is set in the timer 4, and timer 3 count source 
is forced to f(X,;y) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. | 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its “H” level until timer 
4 overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 61. 


Interrupt request 


- 
Interrupt air 
disable flag | 


STP instruction 


Xin Xout . 
T34Mbo, T34Mp : bitO and bit2 of timer34 mode register 


Fig. 63 Block diagram of clock generating circuit 


The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 


. suggested value. 


The example of external clock usage is shown in Figure 62 
Xin is the input, and Xoyr iS Open. 


M37260M6-XXXSP 
X IN Xout 





Fig. 61 External ceramic resonator circuit 


M37260M6-XXXSP 
x IN 


External oscillating 
circuit 





STP instruction 
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DISPLAY OSCILLATION CIRCUIT 

The CRT display clock oscillation circuit has built-in RC 
and LC oscillation circuits, so that a clock can be obtained 
simply by connecting an RC or LC circuit between the 
OSC1 and OSC2 pins. 

Select the RC or LC oscillation circuit by setting bits 6 and 
7 of the mixing control register (see the structure of the 
mixing control register in Figure 45). 


Example of oscillation 
(reference values) 
C1 = 5pF 
C2 = 5pF 
Lf =9uH 


Peel 





Fig. 64 Display oscillation circuit 


AUTO CLAER CIRCUIT 
When power is supplied, the auto-clear function can be 
performed by connecting the following circuit to reset pin. 


Circuit example 1 


Circuit example 2 


Note . Make the level change from “L” to “H” at the point at 
which the power voltage exceeds the rated voltage 


Fig. 65 Auto clear circuit example 





PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed 
(indecimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (~0.1uF) directly between the Vcc pin and 
Vss pin using a heavy wire. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM order confirmation from 

(2) mark specification from 

(3) =Y@) Vie F- | C- Aa EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 


Veo... | Supply voltage Z 
Input voltage CNVss —0.3 to 6 


Input voltage PO 9—P07, P19—P17, P29—P27, With respect to Vss 
P39—P35, MXR, MXG, MXB, MX, Output transistors are at “off” state —0. 3 to Vec +0. 3 
MXOUT, Hsync, Vsync, RESET 


Voc 
Vi 
Output voltage PQ9—P07, Pip—P17, P29—P2,7, 
Ve P3p—P3s, R, G, B, |, OUT, CSYN, —0. 3 to Voc +0. 3 
Xour, OSC2 








ae 
Circuit current R, G, B, |, OUT, CSYN, POQ9—P0,, 
jon P1p—P17, P2y—P2, P3o, P31 0 to 1(Note 1) 
aa Circuit current R, G, B, |, OUT, CSYN, P0)—P0,, Sioa 
P19—P17, P2>—P2z, P3y—P3s 
Power dissipation 
Top Operating temperature —10 to 70 


Storage temperature —40 to 125 




















Voc Supply voltage(Note 3) During the CPU and CRT operation 
Supply voltage 
“H” input voltage PQg—P07, P19—P17, P29--P2z, 
P39— P33, Hsync, Vsync, MXR, 
MXG, MXB, MXI, MXOUT, 
RESET, Xn, OSC1 
“H” input voltage P34, P35 
“L” input voltage PQo—P07, P19—P17, P29 P27, 
P39, P3;, P33, MXR, MXG, 
MXOUT 


. “L” input voltage P32, P34, P35, Hsync, Vsyne, 
A RESET, Xin, OSC1, MXB, MX! 


Vin 





“H” average output current (Note 1) R, G, B, I, OUT, 
CSYN, P09—P07, P19—P17, 
P29—P27, P3o, P3, 

“L” average output current (Note’2) R, G, B, |, OUT, 
CSYN, P09—P07, P19—P17 
P29— P27, P39— P35 








Note 1 : The total current that flows out of the IC should be 20mA (max ) 
2 : The total current shold be 30mA (max ) 
3 : Apply 0.022uF or greater capacitance externally between the Voc— Vsg power supply pins so as 
to reduce power source noise 
Also apply 0. 068uF or greater capacitance externally between the Vocc—CNVssg pins 
4 : Use a quartz crystal oscillator or a ceramic resonator for the CPU oscillation circuit 
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ELECTRIC CHARACTERISTICS (Vcc=5V+10%, Vss=0V, f(Xin) =4MHz, Ta=—10 to 70 unless otherwise noted) 


| , 
Symbol Parameter Test conditions i 


Pmin [typ [Max | 


Voc=5. 5V, f(Xin) =4MHz 20 
CRT OFF 
mA 








Voc=5. 5V, f( Xin) =4MHz 

CRT ON 

At stop mode 

; “H" output voltage P0>—P07, P19—P17, P29—P2z, a 
me P3, P3;, R, G, B, |, OUT, CSYN lon=—0. 5mA " 


“L” output voltage PQ9—P07, P1p—P17, P29—P27, 


loc Supply current 


NO 
oO 


o |o 
oO {oO 

























P3p— P33, R, G, B, |, OUT, CSYN 





VoL “L” output voltage P3,4, P35 Voc=4. 5V 
locp=3mA 


Hysteresis RESET Voec=5. 0V 


Hysteresis (Note 1) Hsync, Vsync, P32, P34, P3s, Voc=5. OV 
MXB, MXI 


“H” input leak current RESET, P0p—P07, P1p—P'1z, 
P29—P27, P39—P3s, Hsyne, 
Vsync, MXR, MXG, MXB, MXI, 
MXOUT 
“L” input leak current RESET, POo—P07, P19—P17, 
P29—P27, P3p>—P3s, Hsync, 
Vsync, MXR, MXG, MXB, MXI, 
MXOUT 


Note 1. P32, MXB, MXI have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P3,, P3s have the hysteresis when these pins are used as serial |/O and special serial I/O ports. 














Voc=5. 5V 
Vo=5. 5V 


_ Oo W 
s s (on) 
ol oOo Ww N Oo 
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DESCRIPTION 

The M37102E8-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M37102M8-XXXSP/FP except that this chip has a 
16384 bytes PROM built in. This single-chip microcomputer 
is useful for the high-tech channel selection system for TVs. 
In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

The differences between the M37102E8-XXXSP and the 
M37201E6-XXXSP are noted below. The following explana- 
tions apply to the M37102E8-XXXSP 

Specification variations for other chips are noted accor- 
dingly. 









Typename | == ROMsze — || RAMsze 
M37102E8-XXXSP 16384 bytes 320 bytes 
M37201E6-XXXSP 24576 bytes 384 bytes 


FEATURES 

r Number of basic instructions eee ee ee ee eee ee ee eee ee ee 69 
@ Memory size PROM -: 16384 bytes (M37102E8-XXXSP/FP) 
-24576 bytes (M37201E6-XXXSP) 
RAM:: 320 bytes (M37102E8-XXXSP/FP) 
384 bytes (M37201E6-XXXSP) 

@® Instruction execution time 
ete 1us (minimum instructions at 4MHz frequency) 
@ Single power supply cvesbtG wera tora e bie'e o¥orn.a aehbia wre wlone &, heiavestia tool 5V+10% 
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M37201E6-XXXSP 







PIN CONFIGURATION (TOP VIEW) 





Oscillation input for 
display OSC1 — ey) 


gece output for OSC2<- 
P36/INT.7A-D2 + 

P3 P3;/A-D1 + [4] 
P3,/INT, + 

14-bit PWM output D-A+|[6) 
P6,)/PWMO «> 

P6,/PWM1 + {8 | 

P6./PWM2 + [9 | 

P63/PWM3 + [10] 


























Output 


— B/P5, port 
P5 




















1+> PO, 
+ PO, 














1/O port P6: 
P6,/PWM4 + + PO, 
P6;/PWM5 + + PO, te - 
P6,/PWM6 +> re Oa 
P67/PWM7 + [14] + PO; 
P33/TIM3 +> 
P3./TIM2 +> 
I/O port P3 





dSXXX-84z0LZEW 





' dSXXX-9SLOZZEN 


3 
1/O port P1 
4 






0 


port P44/Sour2 > 


P43/Srpy1 













Timing output 





Reset input 1/0 port P2 







Clock input Xiw > 
Clock output 





Outline 64P4B 





@ Power dissipation 
, normal operation mode (at 4MHz frequency) 
Ube duobiance Reaiele View tere Sawa ie 110mW (Voec=5.5V, CRT display) APPLICATION 
@ Subroutine nesting st 96 levels (Max.) TV 
@ Interrupt see meee ene eee ress eoeenestensceeresecees 13types, 13vectors 
@ 8-bit timer ACW a 8.66 ein, 690: Seo. Wi0 eve 6 1610 w 0h: bie. 8.6°S Vo..5 in/Gib'boee ei8 ace Yerblelel eee tb ere ai elele seer 4 
@ Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P6) aa lalaibie. le say aiGinneie gieraeieiasa wee. are sate 47 
@ Output port (Port P5) Radda edie PeMens siewwegi-a Sead sere a s'ciecats tee mreies 5 
@ Serial I/O (8-bit) bce sare Wate eis whe wine. sed Ow ete henge ds obieete ceases 2 
@ PWM function eee ee re ee eee eee re 14-bitX 1 
8-bitx 10 
@ A-D converter (4-bit resolution) -------7--1++ 2 channels 
@ 72-character on screen display function 
Number of character:-::::*-::--::- 24 characters X3 lines 
Kinds of character CROC e meee nee ene Sere creer enerererensreesere 126 
@ PROM (equivalent to the M5L27256) 
Program voltage LE d enh WRd nD OG0 SOF ale CAR eR CEC Ea eS 12.5V 
er ¢ MITSUBISHI 
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PIN CONFIGURATION (TOP VIEW) 


M37102E8-XXXFP 


P36/INT2/A-D2 
P35/A-D1 
P3,4/INT} 


6 


P3,/TIM3 «> 
P3,/TIM2 + [=I 
P4.5/Scike + [3| 


P6)>/PWMO + 
P6./PWM2 + [| 
P63;/PWM3 + [2 
P6,/PWM4 «+ 
P6;/PWM5 + [2 
P6./PWM6 + [¢| 
P6,/PWM7 + [é| 
P4;/Srpv2/PWMB8 «> 
P4_6/Sin2e/PWM9 +> [a] 


Outline 80P6N 


NC : No connection 
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M37102E8-XXXSP BLOCK DIAGRAM 


Clock Clock Timing Reset 
input output output input 
Xin Xout RESET teen Ne D-A Vsync Hsync OSC1 OSC2 


————e———————— -——- a -O—@--— 


| 


Program Program 
counter counter 
PC1(8) PC, (8) 






Data bus 





=i af 
selection circuit 
14-bit 
PWM circuit 
af 1 
Tl (8) 


JAN] Timer 2 
By 










Address bus 





Control signal 


instruction 

decoder 
Instruction CRT 

4 

= an ik register (8) i circuit 

a) a a bit 

ae eel oe circuit 

3 TTT P5(5) 


sat | |g 7 ss TTT 8) 
ray ny TT 


a a 













Index 
register 
Y(8) 







Processor 
status 
register 


8-bit 
Arithmetic 
and logical unit 















EWM 
v7" 








- —-686564E3E26)6049) - APLNAMLHEILILILG— - ———— - ——_— - CX NANIDOOD- - OO) 
pc Ne es Ne ee 
I/O port PO 1/O port P4 I/O port P6 Output port Output port PS 


| Note 1 24576 bytes for M37201E6-XXXSP 


2 - 384 bytes for M37201E6-XXXSP 


dSXXX-9ITOZZEW ' d4/dSXXX-“SINZOTZEW 3° NOISUSA WOud 


dSXXX-9ATOCZEW 


dij/dSXXX-S8acortZeW 
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FUNCTIONS OF M37102E8-XXXSP/FP, M37201E6-XXXSP 


12s (minimum instructions, at 4MHz frequency) 
4MHz 


M37102E8-XXXSP/FP 


M 
Memory size 
” | ROM _—_—_—| 24576 bytes 
M37201E6-XXXSP 
384 bytes ! 
Oo 
O 




















Instruction execution time 











Clock frequency 








VO 5-bitX1 (can be used as timer input pins, INT;, INT2 input pins and A-D 
input pins) 





Input/Output ports 


outst sbi ean be used as RG, 8, OUT pms) 
Slovels (max 


Two external interrupts, nine internal interrupts, 
Interrupt 


Built-in circuit (externally connected ceramic or quartz crystal oscillator) 
svE10% 
1. 65mW (Max ) 
Input/Output characteristics 
Output current 10mA (Port P2,4-P27) 
64-pin shrink plastic molded DIP 

M37102E8-XXXFP 80-pin plastic molded QFP 


; Number of character 24 characters X3 lines 
CRT display function 
Kinds of character 126 (12X16 dots) 


‘ 
\ 





















one software interrupt 
















Power dissipation 
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PIN DESCRIPTION 

















Functions 


Power supply inputs 5V+10% (typ ) to Vcc, and OV to Vss 


Vcc; Single-chip Power supply 
CNVss Single-chip CNVss 


RESET Single-chip Reset input Input 


Single-chip 
/EPROM 


Power supply inputs 5V, or 6V (writing to built-in PROM) to Vcc, and OV to Vss 


This is connected to Vss 





Vpp inputs when writing to built-in PROM or verify check of built-in PROM contents 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us 
(under normal Vcc conditions) | 

lf more time is needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 





” 
79) 


Input “L” level 






x 
Zz 


Clock input 


1/0 


This chip has an internal clock generating circuit To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xiy and 
Xour pins If an external clock is used, the clock source should be connected the 
Xin pin and the Xour pin should be left open 


This is the timing output pin and has the reset out signal output function 


This pin is setting to open 


Xout 


Single-chip Timing output 


P0Q,-P0O,7 Single-chip 1/0 port PO Port PO ts an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output At reset, this port is set to input mode The 


output structure is CMOS output. 
Address input Input Low-order 8-bit of address is input 


P1 o-P17 I/O port P1 


Port P1 is an 8-bit 1/O port and has basically the same function as port PO 


Address input 


P2)-P27 Single-chip 1/O port P2 


Data input/output 


P39-P3¢5 Single-chip 1/O port P3 1/0 


P4)-P4, | Single-chip 1/0 port P4 


High-order 8-bit of address ts input. 
















Port P2 is an 8-bit I/O port and has basically the same function as port PO 


8-bit data 1s input or output. 


Port P3 is a 7-bit |/O port and has basically the same function as port PO, but the 
output structure of P39 and P3; is CMOS output and the output structure of P32-P3, 
is N-channel open drain 

P32 and P38, are in common with external clock input pins of timer 2 and Timer 3 
P3, and P3, are in common with external interrupt input pins INT; and INT2 P35 and 
P8, are in common with analog input pins of A-D converter (A-Di, A-D2) 










P3) and P3, are the input pins as OE and CE P38» and P3z are connected to Voc 
P3,-P3. are connected to Vss 












Port P4 is an 8-bit |/O port and has basically the same functions as port PO, but the 
output structure is N-channel! open drain When serial 1/01 is used, P4), P41, P4bz, 
and P43 work as Sout, Sciki, Sint and Srapyi pins, respectively 

When serial |/O2 is used, P44 P45, P4g, and P47 work as Soutz, Scixe, Sing and Sanye 
pins, respectively. 

Also P4¢, P47 are in common with PWM output pins of PWM8 and PWM 9 


Input P45-P4g are all connected to Vss, and P47 ts connected to Vcc 


OSC1 Single-chip Clock 1/O for CRT This is the I/O pins of the clock generating circuit for the CRT display fufction 
OSC2 


display 
n eprom | These pins are setting to open 
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PIN DESCRIPTION 


Input/ 
P Functions 
Output 
Hsync Single-chip Horizontal synchronous Input This is the horizontal synchronizing signal input for CRT display. 
signal : 
eprom | This is connected to Vss 


Vsync Single-chip Vertical synchronous This is the vertical synchronizing signal input for CRT display 
signal 
This is connected to Vss. 








Single-chip Video signal This is a 5-bit output pin for CRT display. The output structure is CMOS output. This 
is in common with ports P52-P5¢ 
EPROM These pins are setting to open 
P6-P67 Single-chip 1/O port P6 Port P6 Is an 8-bit I/O port and has basically the same functions as port PO, but the 
output structure is N-channel open drain This port is in common with PWM output 
pins PWM0-PWM7 


eprom | Input port P6 All pins are connected to Vss 
D-A single-chip | D-A output This ts an output pin for 14-bit PWM 
EPROM This pin is setting to open 








2359 
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EPROM MODE Table 1. Pin function in EPROM mode 
The M37102E8-XXXSP/FP features an EPROM mode in 0 
addition to its normal modes. When the RESET signal level Wee we 

is low (“L”) and CNVgs/Vpp signal level is high (“H”), the vee ____| 
chip automatically enters the EPROM mode. Table 1 list the 
correspondence between pins and Figure 1 to 3 give the 
pin connections in the EPROM mode. When in the EPROM 
mode, ports PO, P1, P2, P39, P38, and CNVss are used for 
the PROM (equivalent to the M5L27256) . When in this 
mode, the built-in PROM can be written to or read- from us- 
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the Xj, and Xouy7 pins, or 
external clock should be connected to the Xjy pin. | 












Osci1 —> 

OSCc2 — 
——— P3./INT2/A-D2 <> 
P35/A-D1 


P6)/PWMO + 
P6,/PWM1 + [8. 
P6./PWM2 ++ [9. 
P6,/PWM3 + [10 
P6,/PWM4 + [11 
P6;/PWM5 + 
P65/PWM6 + 
P6,/PWM7 + [14] 

P33/TIM3 +> [15] 

P3./TIM2 + [16| 


dSXXX-84c0lLZEW 


P4o/Sout: 


Ves) CNVss 


RESET — 
Ceramic 
oscillating Xin 


circuit O Xourt + 





C) > Same functions as M5L27256 
Fig. 1. Pin connection in EPROM mode 





2—360 





MITSUBISHI MICROCOMPUTERS 


M37102E8-XXXSP/FP 
M37201E6-XXXSP 


PROM VERSION of M37102M8-XXXSP/FP,M37201M6-XXXSP 


OSsc1 > 

OSC2 — + Heync 
P3,/INT2/A-D2 «> + Vsync 
P3,/A-D1 <> [4 —» R/P5. 

P3,/INT, —> G/P5, 

— B/P5, 

P6,)/PWMO + —> |/P55 

P6,/PWM1 + — OUT/P5, 
P62/PWM2 + +> P05 
P6,/PWM3 +> +> PO, 
P6,/PWM4 «> +> P0. 
P6s/PWM5 +> +> P03 
P6.¢/PWM6 +> <-> PO, 
P67/PWM7 + + PO, 
P33/TIM3 «> +> PO; 
P32/TIM2 +> +> PO, 
+ Py 
—__—— PA, 
P4,/Spoyo/PWM8 ++ +> P1, 
P45/Sino/PWM9 + P1, 
P45/Scik2 + Pl, 
P44/Sourte ** > Pis 
P43/Srpy1 + + Pi, 
P4y/Siyy + PA, 
P4,/Scik1 +> P25 
P40/Sour1 ** + P2, 
CNVss +> P2, 
o > P23 
RESET > ++ P2, 
Xin > > Pes 
Xout +> P26 
Vss +> P2, 


dSXXX-9ALOZZEW 


Ceramic 
oscillating 
circuit 





@& : Same functions as M5L27256 


Fig. 2 Pin connection in EPROM mode 
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> P34/INT 
<> P3,/A-D1 
+> P3./INT2/A-D2 


3] 
EI 
i] 


= 
oo 
By 
° 
i) 
m 
a 
x< 
x< 
x< 
Tl 
Uv 


P46/Sino/PWM9 + Lis) 
P4;/Scik2 + Lg) 
P44/Soure 
P43/Sapy1 


P4,/Scik1 
P4o/Sours 


Jumper switch 


Ceramic 
oscillating 
circurt 





C) : Same functions as M5L27256 
Fig. 3 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING NOTES ON HANDLING 





Reading (1) Since a high voltage is used to write data, care should 
To read the PROM, set the CE and OE pins to a “L” level, be taken when turning on the PROM writer’s power. 
and supply OV to the RESET pin, 5V to the Vcc pin and the (2) For the programmable microcomputer (shipped in 
CNVss (Vpp) pin. Input the address of the data (Ap-A14) to blank or OTP type) , Mitsubishi does not perform 
be read and the data will be output to the I/O pins Do-D7. PROM write test and screening in the assembly pro- 
The data I/O pins will be floating when the OE pin is in the cess and following process. To improve reliability after 
“H” state. write, performing write and test according to the flow 
below before use is recommended. 

Writing (3) In EPROM mode, address A;5 is set to “H” automati- 
To write to the PROM, set the OE pin to an “H” level, and cally. 





supply OV to the RESET pin, 6V to the Vcc pin and 12.5V to 
the Vpp pin. The CPU will enter the program mode when 
Vpp is applied to the Vpp pin. The address to be written to 
is selected with pins Ap-A,4, and the data to be written is 
input to pins Do-D7. Set the CE pin to a “L” level to begin 
writing. 





Note - Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 


ceeding 100 hours. 


Table 2. 1/O signal in each mode 


av ata 
Programming | vas Vent 
[azev | ev | Cutt 


Note 1 : Vi, and Vi Indicate a “L” and “H” input voltage, respectively 





Read-out 
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Unit 

































With respect to Vss 
Output transistors are at “off” state 





Input voltage PO 9-P07, P19-P17, P29-P27, 

| 
Output voltage P4g, P47, P6y-P67 
Circuit current R, G, B, |, OUT, POQ9-P07 
P19-P17, P2o-P2s3, 0 to 1(Note 1) 
jm P3o, PSi, D-A oe 
Circuit current R, G, B, |, OUT, PO 9-P07, 
lout P1o-P17, P29-P23, 0 to 2( Note 2) 


P39-P3,5, P4o-P47, P6o-P67, . 
—0.3 to Vect0. 3 
Circurt current P69-P67, P45, P47 0 to 1(Note 2) a 














Hsynec; Vsync, RESET 
Output voltage P0o-P07, P4 o-P1 7 P2o-P27, 
Circuit current P2,-P2z 0 to 10(Note 3) 
Circuit current P44, P45 0 to 3(Note 2) 





V 

V 
mA 
mA 
mA 

Cc 


ABSOLUTE MAXIMUM RATINGS 
Sa ae ed 
P39-P36¢, P4 -P4s, R, G, B, I, 
OUT, D-A, Xout, OSC2 
gi) oases ee ee 
= ct eee aa 





RECOMMENDED OPERATING CONDITIONS (Vec=5V+£10%, Ta=—10 to 70°C, unless otherwise noted) 


Symbol Parameter 


Supply voltage(Note 4) During the CRT operation 


Supply voltage 


cc 
ss 
“H” input voltage PQ9-P07, P19-P17, P2o-P27, 
P39-P35, P4-P43, P4g,P4z, 
Vin P6o-P67, Hsync, Vsync, RESET, 
Xin, OSC1 
Vir 





“H” input voltage P44, P45 
“L” input voltage PO -P07, P19-P17, P2o-P27, 
P39, P31, P35, P49, P43-P45, P47 
“L” input voltage P32-P3,4, P3¢6, P41, P42, P4., 
Vin Hsyne, Vsyne, RESET, Xin, OSC1 
“H” average output current (Note 1) R,G,B,l,OUT,P09-P0z, 
a ieee aie 
“L” average output current (Note 2) R,G,B,1,OUT,P09-P07, 
P29-P23, P39-P3¢, P4o-P43, D-A 
“L” average output current (Note 2) P69-P67, P45, P47 
“L” average output current (Note 3) P2,-P27 
“L” average output current (Note 2) P44, P45 
| fhs | Input frequency P32-P34, P36, P45 
Input frequency P4, aa 
Note 1 : The total current that flows out of the IC should be 20mA (max.) 
: The total of foxy, love and loi should be 30mA (max.) 
: The total of lo. of port P24-P2, should be 20mA (max ) 
: Apply 0.022F or greater capacitance externally between the Voc—Vss power supply pins so as 
to reduce power source noise 


Also apply 0. 0684F or greater capacitance externally between the Voc—CNVsgzg pins. 
5 : Use the crystal oscillator or ceramic resonator for CPU oscillation circuit 


lout 














& WP 
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Parameter 


Supply current 


“H” output voltage POQo-P07, P19-P17, P2o-P27, 
P3o, P3,, R, G, B, |, OUT 

“L” output voltage PO -P07, P19-P17, P29-P23, 
P39-P35, P49-P 4s, 
R, G, B, |, OUT, D-A 

“L” output voltage P69-P67, P4., P47 


“L” output voltage P24-P27 


“L” output voltage P44, P45 





Hysteresis RESET 
Hysteresis (Note 1) Hsync, Vsync, P32-P3s, 
P35, P41, P42, P44-P46 


“H” input leak current RESET, PQo-P07, P19-P17, 


P29-P27, P39-P3¢6, P49-P45 

“H” input leak current 
P69-P67, P45, P47 

“L” input leak current RESET, PQo-P0,, 
P19-P17, P29-P27, P39-P3¢, 
P45-P47, P6o-P67 


Test conditions 


Voc=5. 5V, (Xin) =4MHz 
CRT OFF 

Voc=5. 5V, f( Xin) =4MHz 
CRT ON 

At stop mode 

Voc=4. 5V 

lon=—0. 5mA 


Voc=4. 5V 


oL—=3mA 
— 
Voc=5. OV 








Voc =5. 0V 


Voc=5. 5V 
Vo=5. 5V 
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ELECTRIC CHARACTERISTICS (Vcc=5V#10%, Vss=0V, Ta=—10 to 70°C, f(Xin)=4MHz, unless otherwise noted) 


P32-P3,4, P3g have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P4,, P42, P4,-P4_ have the hysteresis when these pins are used as serial |/O ports 
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DISCRIPTION 

The M37120M6-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in 
an 80-pin plastic molded QFP. This single-chip micro- 
computer is useful for appliance controllers. 

in addition to its simple instruction set, the ROM, RAM, and 
1/O addresses are placed on the same memory map to en- 
able easy programming. 


FEATURES 
e Number of basic instructions ©: 6/5:8, 0106678 6.6.0. 810;8 06:10 o 6r8 6 e 6-b Se wrens 71 
@ Memory size 
POM coccccccc cece e ete eceeeeee tees ceeneeeeeeseeeeeees 12288 bytes 
RAM TTC e EAT ECCT Ee ET RE ee Or 256 bytes 


@ Instruction execution time 

siveeeees 1us (minimum instructions at 4MHz freqttency) 
@ Single power supply 

f(Xin) =4MHz WMtiRaemhow as aoe eemeeer aces wera cacuse ea sned 5V+10% 
@ Power dissipation 

normal operation mode 


(at 4MHz frequency) bid S Sis. tieeaianleuie sinister et acerca 75mW 
@ Subroutine nesting «sss 128levels (Max. ) 
e@ Interrupt bd G6 010 WG: 010876 ase) Ola Wie WYe bie 0b: 0 O00 ¥:0/ eee. ieie-s © 14types, 14vectors 
@ B-bit tiMer css cere rere eee e teen ec ene eetteetteeeneeeeees 4 
@ Programmable I/O ports 

(Ports PO, P1, P2, P3, P4) sia Sas ase tale 5 vilee uane's Seale ee MS bow Bene 40 
@ Input ports (Ports P6, P7) Ma@hGG Sedate cas ap eee Gas suceinnay ventas 12 
@ Serial |/O (8-bit) Ssavelove ogi atateiavetivlaca iocelainse"e"esiinia’e o/e'giete'e eels sie a ie’ dians wales y) 
@ A-D converter (8-bit resolution) ---::-s er 8channels 
@ D-A converter (8-bit resolution) :-::-:::7e:te 6channels 
@® Watchdog timer 
@ 72-character on screen display function 

Number of character:::-:::----°::- 24 characters X3 lines 

Kinds of character PCC O emcee meer mere wereerenennreseereeasecereee 126 


@ Two clock generating circuits 
(One is for main clock, the other is for clock function) 


APPLICATION 
TV, VCR 
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PIN CONFIGURATION (TOP VIEW) 


D-Aout3 *— ty 64 | <> P39/OUT2 


54] <> PO2/AD2 
+> P03/AD3 
52 | +> P0,/AD, 
51 | <> P0;/ADs 


49] +> PO7/AD, 
48] +> P1o/ADg 
+ P1,/ADg 
46 | <> P14 2/ADio 


d4aXXxX-9WOCLZEW 


42) +> Pt 6/ADi4 


P4o/Sint o> [24] 41 | <> P17/AD45 


Si] 


P2,/DB; — 3} ~ 
P29/DBo <> [3| 


P2;/DBs — ay 
P2,4/DB4 <> [8] 
P23/DB3 <+ 

P22/DBo <> [8] 


Outline 8O0P6N 
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clock clock Clock Clock Timing ; 
function function input output output _Reset input 
Hsync Vsync OSC2 OSC1 R G B | OUTI Xcin. Xcour Xin Xour d RESET AVcc AVss Voc 































OSD 
Timer 1 ae 1 Timer 2 (8) 
- OSD-ROM ae , 
Program Program Instruction 
OSD-RAM 256 bytes counter counter register 


PCH(8) PC_(8) 










ral Ga& 
Timer 3 (8) Timer 4 (8) 
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FUNCTIONS OF M37120M6-XXXFP 


Instruction execution time 1s (minimum instructions, at 4MHz frequency). 
: 12288bytes 
Memory size 
256bytes 
Input/Output port 



















(0 
0 
Two built-in circuits’‘(ceramic or quartz crystal oscillator ) 
ev10% 

CRT display function 


PO, P1, P2, P3 


Uv 


2/3/2/3|2 
= 


I, B, G, R, OUT1 


Vsyno, Hsync 
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PIN DESCRIPTION 
pom sae Functions 
Output 
Voce; Supply voltage 
Vss 
® 
IN 


Power supply inputs 5V+10% to Vcc, and OV to Vsg 





Power supply input for A-D and D-A converters. 





AVcc: Analog power supply 
AVss 


RESET Reset input 


Clock output 
| tming oust 


XcINn Clock input for 
clock function 

Xcout Clock output for 
clock function 


This is connect to Vgs. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2s (under normal Vcc 
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 


These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xj and Xour pins If an external 
clock is used, the clock source should be connected the Xjxy pin and the Xour pin should be left open 


The function of this pin can be selected either timing output or resetout output 


This is the 1/O pins of the clock generating circuit for the clock function To control generating frequency, 
an external ceramic or quartz crystal oscillator is connected between the Xcin and Xcour pins If an external 


clock is used, the clock source should be connected to the Xcin pin and the Xcour pin should be left open 
This clock can be used as a program controlled the system clock 













D-Aouto | D-A output Output Analog signal from D-A converter 1s output 
—D-Aouts 
Vrer Reference voltage Input This is reference voltage input pin for the A-D and D-A converters 
input 
PQ 9—P0O7 | !/O port PO 1/0 Port PO is an 8-bit [/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 
P P17 | !/O port P1 Port P1 ts an 8-bit |/O port and has basically the same functions as port PO 





Port P2 1s an 8-bit |/O port and has basically the same functions as port PO 


) 
1o— O 
P2 9—P27 | !/O port P2 1/0 
P35—P37 | I/O port P3 1/0 Port P3 is an 8-bit |/O port and has basically the same functions as port PO 
Port P39 Is in common with CRT input pin and P38, ts in common with counter input pin 
P49—P4, | I/O port P4 1/0 
P65—-P67 | Input port P6 Input 


P7>—P73 | Input port P7 


\ 


OSC1, Clock input for CRT display 
OSC2 Clock output for CRT display 


' ; 
/ 


Port P4 ts an 8-bit I/O port and has basically the same function as port PO, but the output structure is 
N-channel open drain. 


Port P6 ts an 8-bit input port P69>—P63 are In common with interrupt input pins and P64,—P67 are In common 
with analog input pins 


Port P7 is a 4-bit input port and in common with analog input pins 


This ts the I/O pins of the clock generating circuit for the CRT display 
To control generating frequency, external condensers and registers are connected 


This ts the horizontal synchronizing signal input for CRT display. 
This is the vertical synchronizing signal input for CRT display 











This Is a 5-bit output pin for CRT display 


OUT1 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37120 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Programming Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are provided. 

The WIT instruction can be used. 

The STP instruction can be used. 









Fig. 1 Structure of CPU mode register 


7 0 


CPU Mode Register 
The CPU mode register is allocated to address OOFBi.. Bits 


0 and 1 of this register are processor mode bits. This regis- 
ter also has a stack page selection bit. 







Processor mode bits 
0 0 : Single-chip mode 
01: 
120.3 | wo used 
a es 






Stack page selection bit 
0 : 0 page 
1 21 page 








Watchdog timer interval selection bit 
0 : Short 
1 : Long 








System clock output selection bit 
0 : System clock output 
1 : Stop (reset-out output) 






Xcout drive capacity selection bit 
0 : Low 
1 : High 






Main clock (Xin-Xour) stop bit 
0 : Oscillation 
1 : Stop 







Internal system clock selection bit 
0 : Xin-Xour (Normal mode) 
1: Xciw-Xcour (Low-speed mode) 
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MEMORY 
* Special Function Register (SFR) Area 


The special function register (SFR) area contains the reg- 


isters relating to functions such as I/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ RAM for display 

RAM for display is used for specifing the character codes 
and colors to display. 


RAM 
(192 bytes) | 


RAM 
(64 bytes) | 


RAM for display 
(144 bytes) 


ROM for display 
(4096 bytes) 


¢« ROM for display ; 

ROM for display is used for storing character data. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


ROM 
(12288 bytes) 





Fig. 2 Memory map 


Interrupt vector area 


Special 
page 
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00C016 
006116 
00C216 
00C31 
00044. 


00C5;. 
00C66 
00C7;6 
00C8,,}PotP4 
0009. 
00CAr6 
00CBi. 


00CCi 
00CDi. 
00CEi. 
00CF 6 
00D0;¢ 
000146 
00D216 
00D316 
000416 


00D5;¢ 
00D6¢ 
00D7;¢ 
00D81¢ 
00D94¢ 
00DAr. 
00DBi6 
00DCi. 
00DD 16 
O0DE 16 


OODFi¢ | Serial 1/02 register 


Fig. 3 SFR (Special function register) memory map 
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Horizontal position register 
Vertical position register of block 1 
Vertical position register of block 2 


Vertical position register of block 3 
Character size register 

Border selection register 
Pacer ee eee to toe 
ce ec perenne 
Watchdog timer 


Timer 2 
Timer 3 


Timer 12 mode register 
Timer 34 mode register 
CPU mode register 


Interrupt request register 1 
Interrupt request register 2 
Interrupt control register 1 


Interrupt control register 2 
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INTERRUPTS 

Interrupts can be caused by 14 different events consisting 
of four external, nine internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 


Table 1. Interrupt vector address and priority. 











2 
3 
5 
7 







Priority 
External interrupt (polarity programmable) 


All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 3 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O”. The 
interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 


10 FFEDie, FFECi6 

u FFEBie) FFEAt6 

12 FFEQi¢, FFEB:6 
FFESie, FFE4i6 | 

[Disabletouse, | | FFE Sig) FFEQ6 | 
FFE116, FFEQie 
FFDFig, FFDE: 


FFFlie, FFFO1 ee 
FFEF,6, FFEE1. 















15 


Non-maskable software interrupt 











MITSUBISHI 


a ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37120M6-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Interrupt request register 1 Interrupt request register 2 
(address 00FC,,) (address 00FD,.) 


Vsync interrupt request bit Timer 3 interrupt request bit 

CRT interrupt request bit Timer 4 interrupt request bit 

INT» interrupt request bit Serial 1/O 1 interrupt request bit 

INT, interrupt request bit Serial I/O 2 interrupt request bit 

INT, interrupt request bit A-D conversion completion interrupt 
INT; interrupt request bit . request bit 


— Timer 1 interrupt request bit 
0 : No interrupt request issued 


Timer 2 interrupt request bit . : 
1 = Interrupt request issued 


7 0 
PE EE ET ED J interru pt control register 1 Interrupt control register 2 


(address OOFE,¢) (address OOFF,¢) 


Vsync interrupt enable bit Timer 3 interrupt enable bit 

CRT interrupt enable bit Timer 4 interrupt enable bit 

INT, interrupt enable bit Serial I/O 1 interrupt enable bit 

INT, interrupt enable bit Serial 1/O 2 interrupt enable bit 

INT» interrupt enable bit A-D conversion completion interrupt 
INT; interrupt enable bit enable bit 
Timer 1 interrupt enable bit 


: isable 
Timer 2 interrupt enable bit 0 : Interrupt disa 


1 : Interrupt enabled 





Fig. 4 Structure of registers related with interrupt 


Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag | 


BRK instruction Interrupt request 
reset 





Fig. 5 Interrupt control 
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TIMER 
The M37120M6-XXXFP has four timers; timer 1, timer 2, 
timer 3 and timer 4. s 


A block diagram of timer 1 through 4 is shown in Figure 6. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of the timer 12 mode register (address 
OOF8,,) and bit 0, 1 of the timer 34 mode register (address 
OOF9,,), as shown in Figure 7. 


All of the timers are down count timers and have 8-bit | 


latches. When a timer reaches “0” and the next count pulse 
is input to a timer, the contents of the reload latch are 
loaded into the timer. The division ratio of the timer is 1/(n 
+1), where n is the contents of timer latch. 


Xoin C ) 
Ka a, 


CM;7 


P3,/CNTR () >. 


Selection gate: 
Connected to black 
colored side at reset 
T12M : Timer 12 mode register 


T34M : Timer 34 mode register 
CM : CPU mode register 





Also all of the timers have interrupt generating functions. 
The timer interrupt request bit is set at the next count pulse 
after the timer reaches “0” (see interrupt section). 

The starting and stopping of timers are controlled by bit 2, 
3 of the timer 12 mode register and the timer 34 mode reg- 
ister. If the corresponding bit is “O”, the timer starts count- 
ing, and the corresponding bit is “1”, the timer stops. 

At a reset or stop mode, FF,. is automatically set in timer 3 
and 07,, in timer 4. And timer 4, timer 3 and the clock (¢ 
divided by 8) are connected in series. Reset or stop mode 
is cleared by timer 4 overflow. 


Data bus 


Timer 1 latch (8) 


Timer 1 (8) ae 


Timer 1 interrupt 
request bit 


imer 


2 (8) Timer 2 interrupt 


RESET 
STP instruction 


Timer 3 interrupt 
request bit 


z O716 


Timer 4 latch (8) 
8 


“Timer 4 interrupt 
request bit 


Reset circuit 


8 
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7 0 
ot 4 Timer 12 mode register 
(Address 00F8;,) 


Timer 1 count source selection bit 
O : f(Xin) divided by 16 or f(Xcn) divided by 16 
1° f(Xemn) 


Timer 2 count source selection bit 
0 : Internal clock source 
1 : P3,/CNTR external clock source 


Timer 1 count stop bit 
0 : Count start 
1 = Count stop 


Timer 2 count stop bit 
0 : Count start 
1 : Count stop 


Timer 2 internal clock source selection bit 
0 : f(Xin) divided by 16 or f(Xc¢in) divided by 16 
1 : Timer 1 overflow 


Dummy bit 
Not operation 


Timer 34 mode register 
(Address 00F9,,) 


Timer 3 count source selection bit 
0 : f(Xin) divided by 16 or f(Xcin) divided by 16 
1: f(Xen) 


Timer 4 count source selection bit 
0 : Timer 3 overflow 
1 : (Xin) divided by 16 or f(Xoin) divided by 16 


Timer 3 count stop bit 
O : Count start 
1 : Count stop 


Timer 4 count stop bit 
0 : Count start 
1 : Count stop 


Fig. 7 Structure of timer mode registers 
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SERIAL |/O 

M37120 has two serial |/Os which can operate in clock 
synchronous (Serial I/O 1, Serial I/O 2). Serial I/O 1 and 2 
have the same funciton. 

The block diagram of serial 1/O is shown in Figure 8. In the 
serial 1/O mode the receive ready signal (Sapy), synchro- 
nous input/output clock (Sc.ix), and the serial I/O (Sour, 
Sin), pins are used as port P4. 

The serial 1/O mode register 1 and 2(addresses 00DCi¢ 
and OODE;.) are 8-bit registers. But the bits 7 and 6 are not 
used. Bit 0, 1, 2 of these registers are used to select a syn- 


Xcin € 


fap 


CM7 
P4, latch 


P43/Srovi ( ) Co 


P4./Soii & a 


SM13 
P4, latch 










P4,/Sout1 e ey, 






[eer 






coe 
4 Tisaace sean 


Serial I/O counter 1 


SM1,; : LSB <—>MSB 


chronous clock source. Bits 3 and 4 decide whether P4 will 
be used as a serial 1/O or not. When bit 3 is “1”, P42, P4. 
become I/O pins of the synchronous clock. When an inter- 
nal syncronous clock is selected, the clock is output from 
P4,, P4,. If the external synchronous clock is selected, the 
clock is input to P4., P4s. And P4,, P4, will be a serial out- 
put, and P4), P4, will be a serial input. To use P4o, P4, as 
serial input, set the directional register bit which corres- 
pond to P49, P4,, to “0”. For more information on the direc- 
tional register, refer to the I/O pin section. 


Data bus 


: Selection gate 
Connected to black 

1/2 11/161 1/64 colored side at reset 

O) OVO © SM1, 


O O O OSM1y 





Serial I/O 1 interrupt 
request 














P4o/Sint C ) Serial 1/O shift register 1 
[comers 
1/2 |1/16 |1/64 
P4, latch 
SM22 A 
vn = =e 
SM2, 
P4, latch 
P46/Scixe <> Serial I/O counter 2 
SM2, Serial |/O 2 interrupt 
P4, latch request 


P45/Soute2 es ae, 
SM2, 


P44/Sino ( ) 


SM1 : Serial 1/O 1 mode register 
SM2 : Serial I/O 2 mode register 
CM : CPU mode register 


Fig. 8 Block diagram of serial I/O 
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SM2s : LSB <—»MSB 


Serial I/O shift register 2 2 
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To use the serial I/O, bit 3 of serial |1/O mode register 1 
and 2 needs to be set to “1”, if it is “O” P4., P4, will function 
as a normal I/O. Bit 4 determines if P43, P4, are used as 
output pins for the receive data ready signal (bit 4= “1”, 
Sarpy) or used as a normal I/O pin (bit 4=“0”). Bit 5 is 
transfer direction selection bit. M37120 can be changed 
transfer direction by using this bit. 

The function of serial |/O differs depending on the clock 
source; external clock or internal clock. 

Internal clock- The Srpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister. After the falling edge of write signal, the Sapy signal 
becomes low signaling that the M37120M6-XXXFP is ready 
to receive the external serial data. The Sppoy signal goes 
“H” at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data is stored in the serial I/O 














register. At each falling edge of the transfer clock, serial 


‘data is output to P4,, P45. During the rising edge of this 


clock, data can be input from P49, P44 and the data in the 
serial 1/O register will be shifted 1 bit. After the transfer 
clock has counted 8 times, the serial 1/O counter will be “O” 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 
External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 500kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 9. 


myer" LLL LL LS LL LL 


Transfer clock 


Serial !/O register 
write signal 


Serial I/O output 
Sout 

Serial 1/O input 
Sin 

Receivable signal 


Srpy 





Fig. 9 Serial 1/O timing 





(Do KO, X Def K_Ds X_Ds X_Ds X_Ds ) 


Interrupt request bit set 
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7 . 0 


7 0 


Fig. 10 Structure of serial 1/O mode registers 





~ Serial I/O 1 mode register 


(address 00DC,,) 


Internal synchronous clock selection bits 
00 : Clock oscillating frequency divided by 8 
01 : Clock oscillating frequency divided by 16 
10 : Clock oscillating frequency divided by 128 
11 : Clock oscillating frequency divided by 512 


Synchronous clock selection bit 
0 : External clock 
1 = Internal clock 


Serial I/O 1 port selection bit 
0 : Normal I/O port (P4,, P45) 
1 : Serial 1/O port (Sours, Sous) 


Sroyi Signal output selection bit 
0 : Normal I/O port (P43) 
1 ? Saoy: signal output pin 


Transfer direction selection bit 
QO : LSB first 
1 : MSB first 


Serial |/O 2 mode register 
(address 00DE,,) 


Internal synchronous clock selection bits 
00 : Clock oscillating frequency divided by 8 
01 : Clock oscillating frequency divided by 16 
10 : Clock oscillating frequency divided by 128 
11 : Clock oscillating frequency divided by 512 


Synchronous clock selection bit 
0 : External clock 
1 = Internal clock 


Serial I/O 2 port selection bit 
0 : Normal I/O port (P45, P4,) 
1 : Serial 1/O port (Sours, Scrke) 


Srpye2 Signal output selection bit 
0 : Normal I/O port (P47) 
1 : Sapy2 signal output pin 





Transfer direction selection bit 
0 : LSB first 
1 : MSB first 
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A-D CONVERTER 


The A-D converter circuit is shown in Figure 12. The analog ‘oresnveurese 
-U contro ister 


input ports of the A-D converter (ANo-AN7) are in common (address 00D3,,) 
with in port P6,-P67, P7o-P73. 
The A-D control register is located at address 00D3,,. One mnalog Pur cele cuon.Oits 
000 : ANo 100 : AN, 
001 : AN, 101 : ANS 
010 : AN2 110 ? ANg 


of the eight analog inputs is selected by bits 0, 1 and 2 of 
this register. The AN pins, not to use as analog input, uses 


as normal I/O ports. 011 : ANs 111: AN, 
Bit 0, 1 and 2, and corresponding to analog input pin is A-D conversion completion bit 
shown in Figure 11. A-D conversion is accomplished by first 0 : During A-D conversion 
selecting bit 0, 1 and 2 of the A-D control register for the 1 + A-D conversion completion 
analog input pin. D-A output enable bit 

A-D conversion starts by setting “O” to bit 3 of the A-D con- 0 : D-A output pins are in the 
trol register. When A-D conversion is finished, an interrupt high impedance state 


is generated. After A-D interrupt is accepted, the result of | | D-A output enable 
A-D conversion can be read from the A-D register. 





Fig. 11 Structure of A-D control register 


Data bus 


A-D control register 
(address 00D3,,) 


P73/AN7 () 
: A-D control circuit A-D interrupt request bit 


P7,/ANs () Comparator A-D register 
(Address 00D5;.) 


P7o/AN, C) 


P67/AN3 C) 


Channel selector 


P6_/AN> C ) 
Ladder resistor 


P6;/AN, () 


P64/ANo C) 





Fig. 12 A-D converter circuit 
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D-A CONVERTER | ; 
Six 8-bit resolution D-A converter channels are provided. 

Figure 13 shows a block diagram of the D-A converter. 

D-A conversion is performed by setting a value in the D-A 

conversion register (addresses 00D6,, to 00DB,,). The re- 

sult of D-A conversion is output from the D-A output pin. | 

The output analog voltage Vp, is determined by the value n 

(decimal) set in the D-A conversion register as follows: 

Vpa=Vrer X 0/256 (n=0 to 255) 


D-A conversion 
register 





Fig. 13 D-A converter block diagram 
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CRT DISPLAY FUNCTIONS Table 2. Outline of CRT display functions 


(1) Outline of CRT Display Functions 

Table 2 outlines the CRT display functions. The M37120M6- 
XXXFP incorporates a 24 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. 

Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12 X16 dot configuration to 
obtain smooth character patterns. (See Figure 14) 

The following shows the procedure how to display charac- 
ters on the CRT screen. 

Set the character to be displayed in display RAM. 

Set the display color by using the color register. 
Specify the color register in which the display color is 
set by using the display RAM. 

Specify the vertical position and character size by us- 
ing the vertical position register and the character size 
register. 

Specify the horizontal position by using the horizontal 
position register. 

Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the Vsync signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 15 shows a block diagram of the CRT display control 
circuit. Figure 16 shows the structure of the CRT control 
register. 


S O89 


Qe © 












Number of display character | 24charactersX 3 lines 
Character configuration | 12X16 dots (See Figure 14) 


Functions 


Kinds of character 126 
4 size selectable 
Kinds of color | 15( maximum) 
Color : 
Coloring unit Character 
Display expansion 


Possible (multiple lines) 





Fig. 14 CRT display character configuration 
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Data bus OSC1 OSC2 Vsync Hsyno 
, ir OO 
(Address OOEA;,) ~—- 


CRT control register ___[Clock generating 
(Addresses 00E11¢ to 00E3,¢) circuit ae 


RAM for CRT display 
) 


(Addresses 00E6,, to 00E9,. 


Color register 


(Address OOEC,.¢) 


Output circuit 
CRT port control register 
© 


G) O 
{| OUT1 OUT2 





Fig. 15 Block diagram of CRT display control circuit 
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Display of all blocks control bit (Note 1) 
0 Display of all blocks off 
1 Display of all blocks on 


Display of block 1 control bit 
0 ‘Display of block 1 off 
1 :Display of block 1 on 
Display of block 2 control bit 


0 ‘Display of block 2 off 
1 Display of block 2 on 





Display of block 3 control bit 
0 Display of block 3 off 
1 Display of block 3 on 


Block 1 color select mode switch bit 
0 :Normal mode 
1 Half character width color select mode 





Clock for display stop bit 
0 ‘Stop 
1 ‘Oscillation enable 


These bits must be set to “0” 


Note 1 Display of all blocks control bit indicates the logical sum (AND) of each block display control bit 





Fig. 16 Structure of CRT control register 
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(2) Display Position 

The display positions of characters are specified in units 
called a “block.” There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 


The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 17), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis- 
played at the same display position ((c) in Figure 17), the 
former block is overridden and the latter is displayed. 


(b) Example when the display start position of a block overlaps with some other block 


Block 1 


Biock 1’ 


(c) Example when one biock is displaying some other block is superimposed 


Fig. 17 Display position 
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The vertical position can be specified from 128-step posi- 
tions (four scanning lines per step) for each block by set- 
ting values 00,, to 7F;, to bits 0 to 6 in the vertical position 
register (addresses 00E1,,¢ to 00E3,,). Figure 18 shows the 
structure of the vertical position register. 


Vertical position register 
(Addresses 00E11, to 00E3,¢) 


The vertical display start position 
128-step positions (001, to 7Fi¢) 





Fig. 18 Structure of vertical position registers 


The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display) ) by setting values 00;, to 
3Fig to bits 0 to 5 in the horizontal position register 
(address 00E0,.). Figure 19 shows the structure of the 
horizontal position register. 


Horizontal position register 
(Address 00E0,,) 


The horizontal display start 
position 64-step positions 
(0046 to 3F 46) 
R, G, B control bit 
0 : Controied by the color 
register 
: Controled by the 
logical sum of bit 4 of 
RAM for display and 
color register 
| control bit 
0 : | output mode 
1 : Selection signal mode 


Fig. 19 Structure of horizontal position register 
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(3) Character Size 

The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg- 
ister (address 00E4,,¢) to set a character size. 

The character size in block 1 can be specified by using 
bits 0 and 1 in the character size register; the character 
size in block 2 can be specified by using bits 2 and 3; the 
character size in block 3 can be specified by using bits 4 
and 5. Figure 20 shows the structure of the character size 
register. 

The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis- 
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning line) X [1 Tc); the 
medium size consists of [two scanning lines) X (2 Tc}; the 
large size consists of (three scanning lines) X (3 Tc); the 
extra large size consists of (four scanning lines) xX 
(4 Tc). 

Table 3 shows the relationship between the set values in 
the character size register and the character sizes. 





Fig. 20 Structure of character size register 





Small size 


Medium size 


Large size 


Extra large size 


Display start position 


Fig. 21 Display start position of each character size 


(horizontal direction) 


Character size register (Address 00E44.) 


Block 1 character size 


Block 2 character size 
Block 3 character size 


00 : Small size 

01 : Medium size 
10 : Large size 

11 : Extra large size 


Table 3. The relationship between the set values in the character size register and the character sizes 


eae ee (Re Ree 


Width (horizontal) | Height (vertical) 
direction direction 


1 





Note : The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common 
to all blocks even when the character size varies with each block (See Figure 21) 
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(4) Display Memory 

There are two types of display memory : ROM for CRT dis- 

play (addresses 3000,, to 3FFF,,) used to store character 

dot data (masked) and RAM fof CRT display (addresses 

2000,5 to 20D71,) used to specify the colors of characters 

to be displayed. The following describes each type of dis- 

play memory. 

@ ROM for CRT display (addresses 3000, to 3FFF,,) 

The. CRT display ROM containns dot pattern data for 
characters to be displayed. For characters stored in 
this ROM to be actually displayed, it is necessary to 
specify them by writing the character code inherent to 
each character (code determined based on _ the 
addresses in the CRT display ROM) into the CRT dis- 
play RAM. 
The CRT display ROM has a capacity of 4K bytes. Be- 
cause 32 bytes are required for one character data, the 
ROM can contain up to 128 kinds of characters. Actual- 
ly, however, because two characters are required for 
test pattern use, the ROM can contain up to 126 kinds 
of characters for display use. 


Fig. 22 Contained up form of display character 





3XXF 680016 | Reh 


The CRT display ROM space is broadly divided into 
two areas. The (vertical 16 dots) X [horizontal (left 
side) 8 dots) data of display characters are stored in 
addresses 3000,¢ to 37FFi¢; the [vertical 16 dots) X 
(horizontal (right side) 4 dots) data of display charac- 
ters are stored in addresses 3800,, to 3FFFi.. (See Fi- 
gure 22) Note however that the four upper bits in the 
data to be written to addresses 3800, to 3FFF,,. must 
be set to “1” (by writing data F0,,¢ to FFj.). 

The character code used to specify a character to be 
displayed is determined based on the address in the 
CRT display ROM in which that character is stored. 
Assume that data for one character is stored at 3XX0i¢ 
to 3XXFig (XX denotes 00;¢ to 7Fig) and 3YYOi, to 
3YYFig (YY denotes 80;, to FF,,), then the character 
code for it is “XXj4..” 

In other words, character code for any given character 
is configured with two middle digits of the four-digit 
(hex- notated) addresses (3000;. to 37FFi¢) where 
data for that character is stored. 

Table 4 lists the character codes. 


~ 
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Table 4. List of the character code 


Contained up address of character data 
Character code : : : 
Left 8 dots lines Right 4 dots lines 


300016 380016 
to to 
300Fi¢ 380F ig 
301016 381016 
Olig to to 
301 Fig 381Fis 
30201, 382016 
0216 













7TDi6 to to 


TEis (Note) 
TFi6 (Note) 


Note : The test patterns are contained up in addresses 37E0j, to 37FFi, and 3FEQ;, to 3FFFi¢ 
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@ RAM for CRT display (addresses 2000;, to 20D7;6) 


The CRT display RAM is allocated at addresses 20001. 
to 20D7,., and is divided into a display character code 
specifying part and display color specifying part for 
each block. Table 5 shows the contents of the CRT 
display RAM. 

When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is neces- 
sary to write the character code to the seven low-order 


Table 5. The contents of RAM for CRT display 


| = Block si Display position (from left) Character code specification Color specification 


200016 208016 
p Andon | 200g 


3rd column 





200246 208216 
22th column 201546 209516 
201Fi¢ 209F 16 
3rd column 202216 20A216 
Block 2 : : : 
22th column 203516 20B5i6 
203816 20B8i¢6 
Not used : : 
203Fig 20BFi6 
| andecotumn | Ae | Oe 
3rd column 204216 20C 216 





22th column 


23th column 205646 20D6i6 
205716 20D716 


205816 
207Fi6 














bits (bits 0 to 6) in address 2000,, and the color regis- 
ter No. to the two low-order bits (bits 0 and 1) in 
address 2080,;,. The color register No. to be written 
here is one of the four registers in which the color to 
be displayed is set in advance. For details on color 
registers, refer to (5) Color Registers. 

The structure of the CRT display RAM is shown in Fi- 
gure 23. Write the character patterns at Table 6 and 7, 
when M37120M6-XXXFP is mask-ordered. 






208146 




















205546 





20D516 
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Block 1 


(Character specification) 


1st column : 20004. ? 
to 
24th column : 20174. 
Character code 
(Color specfication) Specify 126 characters at 0015 to 7Di, 
1st column : 2080i, 3 0 
to 
24th column : 2097;. : 
Former half color register specification in the normal 
.or in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 | Color register 3 specification 
r Latter half color register specification 
in the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 
Block 2 OUT2 pin output selection bit 
0 © No character or biank is output 
(Character specification] 1 : Character or blank is output 
1st column : 2020;. 7 0 
to 
24th column : 20374. Character code 
(Color specification) Specify 126 characters at 0016 to 1Di6 
1st column : 20A0i¢ 1 0 
to 


24th column : 20B7 
i: Color register specification 


00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 
Block 3 OUT2 pin output selection bit 
0 : No character or blank is output 


(Character specification) 
1 : Character or blank is output 


1st column : 20404. 7 0 
to 
24th column : 205746 
Character code 
iColor specification) Specify 126 characters at 001, to 7Dig 
1 0 


1st column : 20C04.¢ 


to 
24th column - 200716 Color register specification 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 


OUT2 pin output selection bit 
0 : No character or blank is output 
| : Character or blank 's output 


Fig. 23 Structure of RAM for CRT display 
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Table 6. Test character pattern 1 


[Address | Data] Address | Data_| 
| 87EOie | 40 | SFE | FO 
| BEI | Otis | SFENre | FOr 
| B7EZe | O06 || FEZ | FA 
| S7E35 | 206 || SFESi9 =| FO 
Ses | tee Se FO16 
| 




















| B7ESie | 06 F2r6 
| S7EGi5 | 1056 
tre 
| 8016 


8016 
| S7EAis | Ose 


| SFE7%16 | Fre | 
| 
| 
| S7EBis | 4010 || SFEBig | FOre 
| 


SFE8i¢ FOi6 










| BTEDie | O16 
[| S7EFig | O26 | 


(5) Color Registers 

The color of a displayed character can be specified by set- 
ting the color to one of the four color registers (COO to 
CO3: addresses 00E6,,¢ to 00E9;,) and then specifying that 
color register with the CRT display RAM. 

There are four color outputs : R, G, B, and |. By using a 
combination of these outputs, it is possible to set 2*-1 
(when no output) = 15 colors. However, because only four 


7 0 


Table 7. Test character pattern 2 


| Address | Data_|| Address | Data _ 





color registers are available, up to four colors can be dis- 
played at one time. 

R, G, B, and | outputs are set by using bits 0 to 3 in the col- 
or register. Bit 4 in the color register is used to set a char- 
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 24 shows the struc- 
ture of the color registers. 


Color register (addresses 00E61¢ to O0E94,) 


I pin output bit 
0 : No character is output 
1 : Character is output 


B pin output bit 
0 : No character is output 
1 : Character is output 


G pin output bit 
0 : No character is output 
1 : Character is output 


R pin output bit 
0 : Nocharacter is output 
1 ‘Character is output 


OUT pin output bit (Note) 
Q : No character or blank ts output 
1 : Character or blank is output 


OUT pin output control bit (Note) 
0 : OUT pin outputs character 
1 : OUT pin outputs blank 


Note : When the character border function is used, the contents of these two bits (bits 4 and 5) are nullified, and the 


OUT1, OUT2 pins output become border outputs 





Fig. 24 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting “1” to bit 4 in the CRT control register (address 
OOEA,,) it is possible to specify colors in units of a half 
character size (vertical 16 dots horizontal 6 dots) for char- 
acters in block 1 only. 

In the half character width color select mode, colors of dis- 

play characters in block 1 are specified as follows: 

@ The left half of the character is set to the color of the 
color register that is specified by bits 0 and 1 at the 
color register specifying addresses in the CRT display 
RAM (addresses 20801, to 2097;.). 

@ The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the 
color register specifying address in the CRT display 
RAM (addresses 2080, to 209746). 


Color of the color register Color of the color register 


specified by bits 0 and 1 of specified by bits 0 and 1 
address 2080, ' of address 20811, 


(a) Display in the normal mode 


Color of the color Color of the color Color of the color Color of the color 
register specified by register specified by register specified by register specified by 

Block 1 
bits 0 and 1 of bits 2 and 3 of bits O and 1 of bits 2 and 3 of 


address 208016 address 2080, address 20814. address 2081,, 


(b) Display in the half character width color select mode 





Fig. 25 Difference between normal color select mode and half character width color select mode. 
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(7) Multiline Display 

The M37120M6-XXXFP can normally display three lines on 
the CRT screen by displaying three blocks at different hori- 
zontal positions. 

In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 

The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character’ display for a certain block is initi- 
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 

The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 


For multiline display, it is necessary to enable the CRT in- 
terrupt (by clearing the interrupt disable flag to “O” and set- 
ting the CRT interrupt enable bit (= bit 4 at address 
OOFE,.) to “1”), then execute the following processing in 
the CRT interrupt handling routine. 

@ Read the value of the display block counter. 

@ The block for which display is terminated (i.e., the 
cause of CRT interrupt generation) can be determined 
by the value read in ©. 

@) Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be dis- 
played next. 

Figure 26 shows the structure of the display block counter. 


‘Display block counter (address 00EB,¢) 


Indicates number of blocks that are 
being displayed or were displayed 





Fig. 26 Structure of display block counter 
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Count value Interrupt position 


Block 1 





Fig. 27 Timing of CRT interrupt and count value of display block counter 


(8) Character Border Function 

A border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 
vertical directions. 

The border is output from the OUT1, OUT2 pins. In this 
‘case, bits 4 and 5 in the color registers (contents output 
from the OUT pins) are nullified, and the border is output 
from the OUT pins instead. 

Border can be specified in units of block by using the bor- 
der selection register (address 00E5,,). Table 8 shows the 
relationship between the values set in the border selection 
register and the character border function. Figure 29 shows 
the structure of the border selection register. 


Display of 
character 


Fig. 28 Example of border 
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Table 8. The relationship between the values set in the border selection register and the character border function 


Border selection register 
Functions Example of output 
[Moet [Mono | | 


R, G, B, | output 
OUT1, OUT2 output 


R, G, B, | output 
OUT1, OUT2 output 
R, G, B, | output 
OUT1, OUT2 output 





X: An X indicates either “O” or “1” 






7 0 
BERBER Border selection register (address 00E5;.) 


Block 1 OUT output border selection bit 
0 : The same as R, G, B is output 
1 : Border is output 












Block 1 output switch bit 
0 : Border including character 
1 : Border only 







Block 2 OUT output border selection bit 
0 : The same as R, G, B is output 
1 : Border is output 











Block 2 output switch bit 
0 : Border including character 
1 : Border only 







Block 3 OUT output border selection bit 
0 : The same as R, G, B is output 
1 : Border is output 











Block 3 output switch bit 
0 : Border including character 
1 : Border only 







Fig. 29 Structure of border selection register 
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(9) CRT Output Pin Control 

CRT output pins R, G, B, Il, and OUT1 become output en- 
able by setting bit 6 of CRT port control register. OUT2 is 
in common with port P3o. This pin become output enable 
when bit 7 of CRT port control register is set after setting 
bit 0 of port P3 directional register. 

The polarities of CRT outputs (R, G, B, |, and OUT1, as 
well as Hsync and Vsync) can be specified by using the 
CRT port control register (address 00EC,.). 

Use bits 0 to 4 in the CRT port control register to set the 
output polarities of Hsync, Vsync, R/G/B, !, and OUT1. 
When these bits are cleared to “0”, a positive polarity is 
selected; when the bits are set to “1”, a negative polarity is 
selected. 

Figure 30 shows the structure of the CRT port control reg- 
ister. 


7 0 


Fig. 30 Structure of CRT port control register 


(10) OUT2 Control 

Because function selection (such as character or blank out- 
put control, border selection, etc.) of OUT1 is the same as 
that of OUT2, OUT2 outputs the same data of OUT1. 

OUT2 can output characters in specified character area by 
specifying bit 4 of RAM for display. This function is no use 
when blank output is setting by color register. 


CRT port control register (address 00EC;.) 


Hsync input polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


Vsync input polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


R/G/B output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


| output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


OUT1 output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


OUT2 output polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


CRT output enable bit 
0 : Output disable 
1 : Output enable 


P3,/OUT2 function selection bit 
0 : P8o output 
1 : OUT2 output 
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WATCHDOG TIMER 

The watchdog timer provides a method of returning to reset 
status if a runaway or other cause prevents a program from 
running a loop normally. 

The watchdog timer is a 15-bit counter consisting of a low- 
er seven bits and an upper eight bits (address OOEF,,). At 
reset or after the watchdog timer is written to, 7FFFj, is set 
in this timer and it starts to count. 

When the MSB reaches “0”, an internal reset is generated. 
Therefore programs should normally be written to ensure 
that the watchdog timer is written to before this bit reaches 


System clock ¢ 


1/8 


Internal reset signal 


Fig. 31 


Block diagram of runaway detection function 


WDTL(7) - B 


CM3 
Watchdog timer(15) 





“0”. If address OOEF,, is read, the value in the upper eight 
bits of the counter is read. Directly after a reset, the watch- 
dog timer is stopped. 

The count source of the lower seven bits is a signal that is 
the system clock ¢ divided by eight. The count source of 
the upper eight bits can be selected as either the overflow 
signal from the 7-bit counter or a signal that is the system 
clock ¢ divided by eight, depending on the value of bit 3 of 
the CPU mode register (address 00FB,,). 


Data bus 


WDT overflow signal 
WDTH(8) 


Reset circuit 


2 2u sec (f(Xin) =4MHz) 





internal reset signal we 


WDT overflow 


Fig. 32 Timing diagram of internal reset signal 
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RESET CIRCUIT The internal initializations following reset are shown in Fi- 
The M37120M6-XXXFP is reset according to the sequence gure 33. 

shown in Figure 34. It starts the program from the address immediately after reset, the count of Xj is stopped and 
formed by using the content of address FFFFi. as the high Xcin divided by 2 is selected as an internal clock. FF4g is 
order address and the content of the address FFFE;.¢ as the set timer 3 and 07j¢ is set to timer 4 and timer 3 and timer 
low order address, when the RESET pin is held at “L” level 4 are connected. Also Xciy divided by 16 is selected as the 
for no less than 2us while the power voltage is between 4 timer 3 count source. Reset is cleared by timer 4 overflow. 


and 5.5V and the crystal oscillator oscillation is stable and 
then returned to “H” level. 


Address 
(1) Port PO directional register (D0)(C 146) 
(2) Port P1 directional register (D1)(C 346) 
(3) Port P2 directional register (D 2)(C 546) 





(4) Port P3 directional register (D3)(C 746) 


) 
) 

(5) Port P4 directional register (D4)(C 946) 
) 


(6) A-D control register (B34) 
(7) INT edge selection register (D 446) 
(8) D-A conversion register 5 (D 6 ie) 
(9) 
) 








9) D-A conversion register 4 (D 746) 
(10) D-A conversion register 3 (D 816) 
(11) D-A conversion register 2 (D 916) 
(12) D-A conversion register 1 (D Ais) 
(13) D-A conversion register 0 (D Bye) 
(14) Serial 1/O 1 mode register (SM1) (D C46) 
(15) Serial 1/O 2 mode register (SM2) (D E 4) 
(16) CRT port control register (E Cie) 





(17) Display block counter (E Bis) 





(18) CRT control register (E Ais) 





(19) Color register 3 (E 946) 








(20) Color register 2 (E 8 i6) 














21) Color register 1 (E 746) 
(22) Color register 0 (E 6 46) 
(23) Horizontal position register (E 0 46) 
(24) Watchdog timer (EF 46) 








(25) Timer 12 mode register (T12M)( F 8 46) 
(26) Timer 34 modu register (T34M)(F 9 46) 
21) CPU mode register (CM)(F Bye) 





(28) Interrupt request register 1 (F C46) 











(29) Interrupt request register 2 (F D4) 





(0) Interrupt control register 1 (F E16) 
(1) Interrupt control register 2 (F F 46) 





) 
(32) Processor status register 


(33) Program counter (PCy) [comes a atress 

















Contents of address 
(PC,) FFFEig 





: Since the contents of both registers other than those listed 
above (including timers and the serial I/O register) and the 
RAM are undefined at reset, it is necessary to set initial values.’ 





Fig. 33 Internal state of microcomputer at reset 
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RESET 


Internal RESET 


SYNC 


Address C2 X21 X00. SX0S-PRO, S-SXFFFE XFFFEX ABS) 
Data C2 M2 PCH Po. K PS KAD. X ADs ) 


32768 count of f( Xo) 


Fig. 34 Timing diagram at reset 


/O PORTS 

(1) Port PO 
Port PO is an 8-bit !/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
3, PO can be accessed as memory through zero page 
address 00C0;,. Port PO’s directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00C11¢) can be programmed as input with “0”, or as 
output with “1”. When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the otuput pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

(2) Port P1 
Port P1 has the same function as PO. 

(3) Port P2 
Port P2 has the same function as PO. 

(4) Port P3 | 
Port P3 has the same functions PO except that part of 
P3 is common with the CRT output pin and counter in- 
put pin. 


Reset address from the vector table 


Note 1 : Frequency relation of f(Xcin) and $18 f(Xcin) =2 * 
2 : The mark “?” means that the address is change-able 
depending on the previous state 





Port P4 

Port P4 has the same function as PO. The output struc- 
ture is N-channel open drain. 

Port P6 

Port P6 has the same functions as PO. The lower 4-bit 
of this port are in common with interrupt input pins and 
the higher 4-bit of this port are in common with analog 
input pins. 

Port P7 

Port P7 is a 4-bit input port This port is in common with 
analog input pins. 

I/O pins for CRT display function 

Hsync; Vsync are input pins for deciding the display 
location. R, G, B, | OUT1 and OUT2 are output the pat- 
tern of CRT display. 
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* Port PO, P1, P2, P3 


Data bus 





e Port P6o, P6;, P65, P63 ¢ Port P64, P6s, P6¢, P6,, P7 





Phase selection bit 


INT input 


Data bus Data bus 





Port read signal 
Analog input 


Channel select signal 


* Hsync, Vsync input * R, G, B, |, OUT1 output 


Fig. 35 Block diagram of Ports PO, P1, P2, P3, P6, P7, Hsync, Vsyne, R, G, B, 1, OUT1 





MITSUBISHI MICROCOMPUTERS 


M37120M6-XXXFP 


Dy 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





* Port P4o, P4, 


Directional register 


Data bus 





* Port P4,, P4s 








—_ _ 
Data register 


le 
hae? g 





Serial |/O output 


Serial !/O selection bit 
° Port P4z, P4g 


Directional registe 







Data bus 








—s > 

meme | 
4 

Serial |/O clock output 


Serial 1/O selection bit 
External clock input 


* Port P43, P47 


Data bus 





Srpoy output selection bit 


Fig. 36 Block diagram of Ports P4 
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CLOCK GENERATING CIRCUIT 

The M37120M6-XXXFP has two internal clock generating 
circuits. Figure 40 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin X,, divided by two is used as the internal 
clock (timing output) ¢. Bit 7 of CPU mode register can be 
used to switch the internal clock ¢ to 1/2 the frequency ap- 
plied to the clock input pin Xn. 

Figure 37 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the Xin (Xow) pin and leave the Xoyr 
(Xcour) pin open. A circuit example is shown in Figure 38. 
An external clock signal cannot be supplied to the Xcin pin 
open. 

The M37120M6-XXXFP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin Clock and Xo clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 3 and timer 4 are forc- 
ibly connected and ¢/8 is selected as timer 3 input. When 
restarting oscillation, FF, is automatically set in timer 3 and 
07,, in timer 4 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 3 count stop 
bit and timer 4 count stop bit must be set to supply (“0”), 
timer 3 interrupt enable bit and timer 4 interrupt enable bit 
must be set to disable (“0”). 

Oscillation is restarted (release the stop mode) when INT, 
or serial 1/O interrupt is received. The interrupt enable bit 
of the interrupt used to release the stop mode must be set 
to “1”. When restarting oscillation with an interrupt or reset, 
the internal clock ¢is held “H” until timer 4 overflows and 
is not supplied to the CPU. 

The microcomputer enters an wait mode when the WIT in- 
struction is executed. The internal clock ¢stops at “H” 
level, but the oscillator does not stop. ¢is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to “1” be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
Xin Clock is stopped and the internal clock ¢is generated 
from the Xcin clock (36A or less at f(Xoin) =32KHz, Voc= 
3V). Xin clock oscillation is stopped when the bit 6 of CPU 
mode register (address OOFB,,¢) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
Figure 41 shows the transition of states for the system 
clock. 


M37120M6-XXXFP 
Xcin Xcour 


is tees piel eo 





Fig. 37 Example ceramic resonator circuit 


M37120M6-XXXFP 


Xin Xout Xcin Xcour 


30 Open 31 2 Open 
External oscillating External oscillating circuit 
circuit or external pulse 


IU ve LS 
Vss Vss 





Fig. 38 Example clock input circuit 
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TIMER OSCILLATION CIRCUIT 

Power is supplied to the timer clock oscillation circuit via a 
step-down regulator circuit to reduce the power consump- 
tion when the M37120M6-XXXFP is operating in timer 
mode. Since this step-down regulator circuit reduces the 
voltage applied to the Vcc pin to 1.4V (standard), the user 
can design a low-power timer mode. Bit 5 (CMs) of the 
CPU mode register can be used to provide two-stage set- 
ting for the oscillation circuit: low-power mode when CMs= 
0 and high-power mode when CM; = 1. Note that high- 
power mode is set after a reset, so the program must switch 
to low-power mode to enable low-power-consumption mode, 
after allowing time for the oscillation to stabilize. 


re 


Internal system 
clock source 
selection CM, 

STP WIT 


S Q 
R 
instruction | instruction 


C4 Reset 


System clock 
stop bit, 


CM, 


CM; 


Fig. 40 Block diagram of clock generating circuit 








Timer clock 
supply 
regulator 


Timer clock Waveform 
oscillation shaping 
circuit circuit 


Xcin Xcout 


Fig. 39 Block diagram of the timer clock oscillation 
circuit 


‘Timer 3 count source 
selection T34Mo 


Timing ¢ 
(internal clock) 


STP instruction 


Interrupt disable flag | 


Interrupt request 
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| 










Clock mode 
4MHz oscillation 


WIT tnstruction STP instruction 


RAM backup mode 







= en oo 
32kHz oscillation 4MHz oscillation 4MHz stop 
¢=stop 32kHz oscillation 32kHz stop 
Timer 3 and 4 operation ee ¢ =16kHz ¢=stop 






Interrupt( Note 1) 
fExternal INT 


Interrupt 
External INT 
Timer interrupt 





| 


+S 1/0 interrupt 








S 1/O interrupt CM,=1 
CM.~1 

CM7=0 

CM,=0 

(Note 2) 






WIT instruction STP instruction RAM backup mode 





4MHz oscillation 







<——__—___ eevee tas 
32kHz oscillation aMr2 Sach later 4MHz stop 
Zs. 32kHz oscillation 32kHz stop 
?=stop 5 ay 
Timer 3 and 4 operation Sa ¢ =2MHz eget we oat ¢=stop 
Interrupt Interrupt( Note 1) 





CM;=0 


CM;7=1 






STP instruction 
——_——_—_—_____ 


WIT instruction 
<_$___ 


RAM backup mode 
4MHz stop 
32kHz stop 

¢=stop 





4MHz stop 
32kHz oscillation 
¢=stop 

Timer 3 and 4 operation 


4MHz oscillation 






32kHz oscillation 
¢ = 16kHz 





—_—_— 
Interrupt 


—— 
Interrupt (Note 1) 





The above example assumes that signals of 4MHz and 32kHz are being applied to pins Xin Xcin respectively ¢ signifies the internal clock. 
Note 1: Approximately latency time are automatically generated upon release 
from the STP instruction due to connections of timer 3 and 4 
2: The software must provided enough time for the oscillation (4MHz) to stabilize 


Fig. 41. Transition of states for the system clock 
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<An example of flow for system> 


Power on reset 
Clock for clock function Xo oscillation 
Internal system clock start (X_ ~1/2— ¢) 
The count start after the time 3 and 4 are connected (Count source is Xo) 
Timer 4 overflow 


Internal reset released 


Normal operation 


Program start from RESET vector 


Normal program Operating at 32kHz 


Xcourt drive capacity selection bit clear (CMs= 0 ) 

Clock processing inital value is set (i e Timer 3 and 4 set the value. Timer 3 interrupt disable. ) 
Clock X halt(Xc¢ in operation) 

Internal clock cen wit instruction) 

Timer 4 (clock count) overflow 


Internal clock operation start (WIT instruction released) 


Operation on the clock 
function only 


| 


Clock processing routine + Operating at 32. 768kHz 


Internal clock halt (WIT instruction) 


Interrupts from ele: serial 1/O1, serial |/O2, timer 3 


Clock X oscillation start (CM.e= 0 ) 


Oscillation rise time routine (software) +Operating at 32. 768kHz 


Internal clock ¢ source switching (X—¢—>X)(CM7 : 1-0) 


Return from clock function 


Normal program —~Operating at 4IMHz 


STP instruction preparation (pushing registers) 


: 


Timér 3, timer 4 interrupt disable (IMo>= 0, TM,= 0 ). Xcour drive capacity selection bit set (CMs= 1 ) 
Timer 3, timer 4 count stop bit resetting (T34M. = 0, T34M3 = 0 ) 


RAM backup function 


Clock X and clock for clock function X¢ halt (STP instruction) 
RAM backup status _ 


Interrupts from ae serial |/O1, serial 1/02 
Clock for clock function Xo oscillation start (CMg= 0 : Clock X oscillation start) 


Timer 4 overflow (X¢/8—>timer 3 —timer 4) 
(Automatically ees by the hardware) 


Internal system aa start 


Program start from interrupt vector 


Internal clock a Gala start (WIT instruction released) 


Normal program 


Return from RAM backup function 


. 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc- 
tions are executed. 

(4) An NOP instruction must be used after the exection of 
a PLP instruction. 

(5) When the interrupt is processed, confirm the interrupt 
enable bit is enable state after into the interrupt 
routine. If so, check the request flag after that. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mask specification form 

(3) =1@) Vie F-\ ¢- RRR EPROM 8 sets 
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ABSOLUTE MAXIMUM RATINGS 





‘ —0.3 to 7.0 
: —0.3 to 7.0 


—0.3 to 2.5V (at high power mode) 















P39— P3,, P4)— P4,, P65— P67, 
P79—P73, Xin, Xcin; 


Vrer, Vsync; Hsync 


Output voltage Xcour 


Output voltage POg—P0;, P1p—P17, P29—P27, 
P3 9— P37, P49— P47, R, G, B, I, OUT1, 


Xout, %, D-Aouto to D-Aouts 











With respect to Vss 
Output transistors are 









at “off” state 





—0.3 to 1.5V (at low power mode) 


—0.3 to Voc+0. 3 







RECOMMENDED OPERATING CONDITIONS 


(Vec=AVec=5V+10%, Ta=—10 to 70°C unless otherwise noted) 


Symbol Parameter i 
eee f(Xin) =4MHz (Note 1) , : , 
u voltage 
i dil f(Xcnw)=32kHz (Note 2) 
V 


Voc 
Vss 
Vin 
Viv 
IL 
Via 


*H” input voltage PO o— P07, P1 o—P1 7) P25— P27, 
P3)—P37, P4y—P47, P6)— P67, 
P7»9—P7s3, Xin, OSC1, 
RESET, Hsync; Vsync 


“L” input voltage POg—P07, Pip—P17, P29—P27 
P39—P37, P49—P47, P69— P67, 





P7o—P73, Xin, OSC1, Hsync, Vsync 


“L” input voltage RESET 
Vrer Reference voltage input Veer 4, 
L Via | Analog input voltage ANo—AN7 


“H” average output current POo—P07, P19—P17, 


lon(avg) | (Note 3) P29—P27, P39—P3z, 
R, G, B, |, OUT1 


“L” average output current POg—P07, P19—P17, 
lor(avg) | (Note 4) P2o—P27, P39—P3r, 
P4)—P4;, R, G, B, |, OUT1 


f( Xin) Clock oscillating frequency for main clock (Note 5) 
f(Xcin) | Clock oscillating frequency for clock function (Note 5) 
f(OSC1) | Clock oscillating frequency forOSD 


Note 1 : At OSD operating, maximum value ts 4. 5V 
2 : It is only at clock operation mode 
Any other operation mode, maximum value is 4. OV 
3 : The total of input current from IC should be 20mA max. 
4: The total of input current from IC should be 30mA max. 
5 : Oscillation frequency is at 50% duty cycle. 














ay W. MiTSUBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37120M6-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ELECTRICAL CHARACTERISTICS (Vec=AVec=5V+10%, Ta==—10 to 70 unless otherwise noted) 















Symbol Parameter Test conditions [min | typ | 
Typ 
Vv “H” output voltage POg—P07, P19—P17, P29—P2z7, Voec=4. 5V 24 
= P3p—P3;, 4, R, G, B, |, OUTI lon=—0.5mA 

















































“L” output voltage PO 9—P0;7, P19o—P17, P29—P2z7, 
Voec=4. 5V 
Vor P39—P37, P4o—P4z, ¢, a ea ue aa Vv 
R, G, B, |, OUT1 aes 

Hysteresis Hsync, Vsync, P69—P6s, 

Vr4 — Vere Voc=5. OV V 
ie P4o, P4o, P4y, P4s, P3y (Note 1) cc 

Vr4 — Vr_| Hysteresis RESET Voc=5. OV 


“L” input current PQg—P07, P19—P17, P29—P27, 
P39—P37, P49 —P47, P69—P67, 
P7)>—P73, Hsync, Vsync, RESET 
“H” input current POg—P07, P1p—P17, P29—P27, 
P39— P37, P49——P47, P69— P67, 
P79>—P7s3, Hsync, Vsync, RESET 
RAM retention voltage 





Vec=5. 5V 
V =0V 








Vec™=5. 5V 
V; =5.5V 








Vram 





At stop mode 
At system operation, 
Xin=4MHZ, Xcin=32kHz, 
f(OSC1)=7MHz, 

Output transistors are at “off” state 


) 
3 
> 








At system operation, Vcc=3 OV, 
Xin=stop, Xcin= 32kHz, 
Output transistors are at “off” state 


Ww 
fo) 





~~ 
oO 
Oo 
a — 
on ine) WwW 






Supply current 
At low—speed operation mode, Vcc=3 OV, 


Xin=stop, Xcin= 32kHz, 
At wait mode (CMs=0), 
Output transistors are at “off” state 


is 
> 








At stop mode, 
Xin=Xcin=stop, 
Output transistors are at “off” state 


—, 


— or 
© (—) > oO ol o 
< 















lacc Analog power supply 


Note 1 : P4 , P42, P44, P4g have the hysteresis only when these are used for serial I/O pins 
P3, has the hysteresis only when this is used for a timer input pin 


A-D CONVERTER CHARACTERISTICS 


(Vec=AVcc= 5 V, Vss=AVss=0V, Ta =25°C, f(Xin)= 4 MHz unless otherwise noted) 


a 
fF Absolute accuracy Voc=AVoc= Vrer=5. OV 
Via 






Teony | Cowersontme ——=SsSs=—“‘*“~*S*“‘“~S*S*dSC‘“‘CSSSSSCS 
[Wace | Reference mput tage —SCSC~“~*~*~“‘“tCSSCSC‘“‘“‘*S*SCSCSCSSS 
 Rinooen | Ladder resstance vaue———SSSCS~id em SSSSSCSC“~“~*~rCS*SCS 
 iuner’ao) | Reference mput curent (oto i) Sd Var 
TVaveo | Analog power supply nputvotage ——SOSC~iSCiCtsCSC‘“‘“~*~*~“‘“~*S*~‘“~srCSSS 
[Vaves [Analog power supply input votage «dt 


Note 1 : The total of Ivrer is the sum of lyrer(ap) ANd Iveer(pa)- 
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D-A CONVERTER CHARACTERISTICS 


(Voc=AVec= 5V, Vss=AVss=0V, Ta =25C, f(Xin)= 4 MHz unless otherwise noted) 


ee 
i eee Full scale deviation Voc™=AVoc™= Vrer=): OV 


Reference input voltage 


Output resistance 


Tsu 
Analog power supply input voltage 
Reference power input current (Note 1) 


Note 1 : The total of lvrer is the sum of IvREF(AD) and IVREF(DA)- 
lvrer(pa) is the reference power input current flowing when channel 1 of the DA converter is operating. (The other five DA converter register 
values are 00,,¢) 
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DESCRIPTION . 

The M37408M2-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
42-pin shrink plastic molded DIP. This single-chip micro- 
computer can be used as a slave-microcomputer for com- 
munication applications. 

In addition to its simple instruction set, the ROM, RAM, and 
1/O addresses are placed on the same memory map to en- 
able easy programming. 

The differences between the M37408M2-XXXSP and the 
M37408M2-XXXFP are the package and the power dissipa- 
tion capability (absolute maximum ratings). 


FEATURES 
@ Number of basic instructions TLV e TR 69 
@ Memory size ROM BS. Bi ers 0a -9's6 Oba L86 eco bie tow 6 ele, Saye 6:0'6 e1eseie 8. 08 4096 bytes 


RAM oe: 005a-@-0) 6 6:0 0nd 010; 6 ab :0s Wie Ore 0: 186884 wwe a 80 128 bytes 
@ Instruction execution time 
--+Q. 8us (minimum instructions at 1OMHz frequency) 


@ Single power supply f(Xiy) =1OMHz «+e 5V+10% 
@ Power dissipation 

normal operation mode (at 10MHz frequency) «- 50mW 
@ Subroutine nesting «sce 64 levels (Max.) 
& Interrupt cece cece cence cece reer eer ee ee ee rece rece cetececseeees 6 types 
@ 8-bit LIME cree cette eee e etree erect eect cere eereceeestceens ] 
@® UART (Full-duplex) -*-:rvrrrrreeeeeeeeeere lanemeeias 1 channels 
@ Dual-port RAMs rcs eects treet tee cece eecees 64 bytes 
@ Communication registers 

Access flag fe seeclucye Waa Reeten ss ealsee Rae Sek ea cot Swe eee es 64 bits 

Collision detect register-:::::::-1rs errr 4-bitX1 

IPC* semaphore register =: 6 3-bitX] 

IPC mode register cane cee m ere e eee eee nee ea ee eee esse eeeees 8-bitX 2 

IPC error register sane eee ee ens e ese en ene eeeeseeeeeees 8-bitX2 
@ Programmable |/O ports 

(Ports PO, P1, CTS) ee ee eee ne err ene 15 
@ Bus interface 

Address bus Cede m ere mr cece cesses ese ees m esse errasesereesseeesesrene 7 

Data bus 46a coiel ssbb ra'9:e: 610 \e'e. 6: 0:0.80 ele ore 0 !o16 :0i0ibe,leibie'S ei6, bes 0 o)uie Wb sree, W.eceveraceterens 8 

Control signal (WR, RD, Cs) sihlhcnnetene oa lute Wien wasaear ees 3° 
APPLICATION 


Office automation equipment 


* |IPC:-:Intelligent Protcol Controller 


PIN CONFIGURATION (TOP VIEW) 


dSXXX-ZIN80r ZEW 


Outline 44P6N 


NC : No connection 
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M37408M2-XXXSP BLOCK DIAGRAM 


Clock Clock output/ : 
input Timing output Reset input 


Xin Xour/¢ RESET CNVsg Vsg_ -Vec CTS RxD TxD CLK 
3 ——ay—- -~Q)—@)-—__— 


UART 
Glock puarT 
generation mere 


circuit 


ROM RAM 
4096 bytes 128 bytes 






Local bus 












Program 






Program 
counter 
PC,(8) 


Index registe 
X(8) 


Processor 






instruction 
register(8) 


Stack pointer 
S(8) 


counter 
PCy (8) 


Accumulator 
A(8) 





status register 
PS(8) 
















8-bit arithmetic 
















and logical unit 






















ime iz yh 0 
IPC error register 0(8) IPC mode register 0(8) Access flag Dual-port IPC semaphore Collision detect 
IPC error register 1(8) IPC mode register 1(8) .64 bits ary register (3) register (4) 


64 bytes 








Bus interface 
PO (8) P1 (8) 


bhbddods 6d dbbbbhds ————hbdbsddd_—-— dba ——-—_- 


As~ Ao WR RD CS D7~Do P0;~ PQ Pis~Pto 
Address bus A Data bus DB 1/O port PO . /O port P1 


- —@)—_43-—__@ a  - ——f) > —_——__- 
fae 


YALNMUWODJOUDIW SOW) LIES dIHD-ATONIS 


di/dSXXX-cWSO0rZEW 


SYUALNMIWOQOUDIW IHSIGNSLIAW 
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FUNCTIONS OF M37408M2-XXXSP 


Instruction execution time 0. 8us (minimum instructions, at 1OMHz frequency) 







Clock frequency 10MHz 


: 4096 bytes 
Memory size 
RAM 128 bytes 
PO 9~ P07 | 8-bitX1 (System bus I/O) 
Input/Output ports Plo~P15 | 6-bitX1 (Local bus 1/O, System bus input) 
CTS i i 
) 


8-bitX 1 


/0 
/0 
1/0 
1/0 





Ao~Ag 
Bus interface Do~ D7 
1 (with programmable baud rate generator 


1-bit (Common with UART transmit control input) 





finest 1 system bus (IPCMO) interrupt, 2 UART interrupts, 1 timer interrupt, 1 collision in- 
terrupt 





Dual-port RAM 64 bytes 













” 
Power dissipation : 
44-pin plastic molded QFP 


Communication 


registers 
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Power supply inputs 5V+10% to Voc, and OV to Vss 


This is usually connected to Vss. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 





PIN DESCRIPTION 


Input/ 
Output 


Supply voltage 
























— 


~ 


Clock input 
Xout Clock output 
Timing output 


Oo~POz | I/O port PO 


— 


a UART transfer output 
a UART receive input 


UART transfer control 
input 7 


ee [eee 
[me esos 
Ca 








This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal is connected between the Xjy and Xour pins. If an external clock is used, the clock source 
should be connected to the Xj, pin and the Xour pin should be left open. 


This is the timing output pin 





Port PO is an 8-bit I/O port with a directional register which allows each |/O bit to be individually program- 
med as input or output This port is connected only to the system bus, and can not be accessed from the 
local bus At reset this port becomes input mode. The output structure is CMOS 


Port P1 is an 6-bit |/O port and has basically the same functions as port PO This port ts connected to the 
local bus and can be used as only input port from the system bus The output structure is CMOS output 


These are UART transfer data output pins. 
These are UART receive data tnput pins 


These are UART transfer control signal input pins and can be used as I/O port which have basically same 
function as port P1. 


This port is an external clock input pin for baud rate 
This port is input for system address 
This port is input or output the system data. 


System data can be read or written by inputting “L” to this port 









Memory or register data specified by Ag~Ag Is read from Do~D7 by inputting “L” to this port 


Data input from Do~D7 Is written to memory or register specified by Ag~Ag by inputting “L” to this port 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) | 

The M37408 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 
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ADDRESS AREA 

M37408M2-XXXSP has two buses; the local bus connected 
to the CPU of its own, and the system bus connected to the 
CPU of the external master computer. There are two cor- 
responding address area. 

The local bus has thirteen address buses and eight data 
buses. The address area, which is 8192 bytes, is addresses 
from 0000,, to 1FFF4.. 

For this local bus area, addresses 1000;, to 1FFFig are 
assigned to the built-in ROM area which consists of 4096 
bytes. 

The system bus has seven address buses and eight data 
buses. The address area, which is 128 bytes, is addresses 
from 00,, to 7F 46. 

The internal memories and registers are connected to one 
or both of these buses. Therefore, it is necessary, in writing 
programs, to know the operation of each functional block as 
well as to which bus the memories and registers are con- 
nected at what addresses. 


RAM 
(128 bytes) 


Access flag 


Dual-port RAM 
(64 bytes) 


8 = 


(4096 bytes) Special 


Address area apply to local bus 


Fig. 1 Memory map 


page for 


subroutine 
Interrupt vector area call 





MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

* Special Page 
Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Dual-port RAM 
(64 bytes) 


Access flag 


Port P1 
Port PO directional register | 
IPC mode register 0/ 
IPC error register 0 
IPC mode register 
IPC error register 1 


Collision detect register 
IPC semaphore register 


Address area apply to system bus 
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Port P1 
Port P1 directional register 
Dual-port RAM direction specify register 


IPC mode register 0 





00E1;¢ OOF 11, 


00E2i¢ OOF 2:6 






00E3,, OOF 316 


IPC mode register 1 
IPC error register 0 


00E4,, 00F 44, 


00E5;., OOF5;, 


OOE6i6 OOF6;, 


IPC error register 1 
{IPC semaphore register 
Collision detect register 


Interrupt enable register 


00E7;6 
00E8,, 


0OF7:¢ 
OOF8,, 
00E9, OOF 94, 
O0EA,. OOFAi¢ 


OOEBi¢ 


O0ED,, 


UART receive/transfer buffer register OOFC,, | Interrupt request register 


Timer control register 


UART status register/UART mode register OOFDi¢ 


UART control register 
UART divider for baud rate generate 


QOEE;, OOFE;, 





OOEF 1¢ OOFFi¢ 


Fig. 2 SFR(Special Function Register) memory map 
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Bus Interface 

M37408M2-XXXSP has the bus interface to operate itself 
by the control signal sent from the master CPU. The master 
GPU can access the memories and registers located in the 
system address area described below via this bus inter- 
face. The bus interface has address pins Ap to Ag, data pins 
D, to Dy, and three controls signals CS, WR, and RD which 
can be directly connected to TTL. 

Driving the CS pin to “L” put this microcomputer in the 
read/write enabled state. When writing data from the mas- 


ter CPU, specify the address by Ap~Ag and set WR to “L”, 
and the data at Do>~D; is written to the specified address. 
When reading data, specify the address by Ag~Ag and set 
RD to “L”, and the contents of the specified address are 
output to Dp~ Dz. 

Driving the CS pin to “H” puts the M37408M2-XXXSP in the 
state which does not allow the read and write operations 
from the master CPU. At this time, the outputs of Dy to D, 
are in the floating state. 

Figure 3 shows the block diagram of the bus interface. 


Local bus 


IPC error register 0 (8) 


IPC error register 1(8) 


IPC mode register 0(8) 
IPC mode register 1(8) 


Fig. 3 Block diagram of bus interface 





IPC 
semaphore 


register (3) 


Dual-port 
RAM 
64 bytes 
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Dual-port RAM 
The dual-port RAM, which is 64 bytes, is the memory which 


allows the read/write operation from both the local and sys- 
tem buses independently. From the local bus, it is allocated 
at addresses 0280,;, to O2BFi¢; from the system bus, 
addresses 00,, to 3Fi¢. Table 1 shows the result when the 
write and read operations from both buses compete at the 
same address. 


Result obtained by simultaneously accessing 
the same address from the system and local 
buses 


Table 1. 


Simultaneous read from both 
buses 

Simultaneous write from both 
buses 

Read from one bus, write 
from the other 


Correct data 


Unpredictable 


Correct data Uncertain 








[Access flag) 
Local bus : address 00D0,,.~00D7,. 
System bus : address 50,.~5746 
The access flag arbitrates the access to the dual-port RAM. 
One bit of access flag is allocated to one byte of dual port 
RAM, amounting 64 bits (8 bytes) in total. The access flag 
can be read from both the system and local buses. Figure 4 
shows the relationship between each byte of the dual port 
RAM and each bit of the access flag. Each bit is cleared to 
“0” when an access to read is made to the dual port RAM 
from either bus, it is set to “1” when an access to write is 
made. If an access to read from one bus and an access to 
write from the other compete at the same address of the 
dual port RAM, the values of the corresponding access 


flags are uncertain..At reset, all access flags are cleared to 
“QO”. 





[Dual-port RAM direction specify register] 
Local bus : address 00E2;. 


This register specifies that the read operation of which bus 
clears each bit of the access flag. One bit of this register 
corresponds to 32 bytes of the dual-port RAM (32 bits of 
the access flag). This register consists of two bits. Each ac- 
cess flag is cleared by the read operation from the system 
bus when the corresponding dual-port RAM direction spe- 
cify register is “0”; when it is “1”, each access flag is 
cleared by the read operation from the local bus. As for a 
write operation, the access flag is set regardless of which 
bus has made it. Table 2 shows the relationship between 
each bit of the dual-port RAM direction specify register and 
the dual-port RAM and the access flag. At reset, all bits are 
cleared to “0”. 


access flag 


Local bus 
address 
O0OD01¢ 5046 


00D116 5ti6 
00D2i., 


System bus 

address 7 

07 | 06 | 05 | 04} 03 | 02 j 01 
OF | 0E | O0D| 0C | OB| OA| 09 | 08 


B26 =| 17 | 16 | 15 | 14 














(Note) 








00D7i6 5716 | SF 3D | 3C | 3B | 3A | 39 | 38 
(Note) The numeric shows the system bus 
address of dual-port RAM corresponds to 
each access flag Dual-port RAM direc- 
tion specify register specifies which bus 
read-out resets the access flag bit 


Fig. 4 Correspondence between each byte of dual-port 
RAM and each bit of access flag 


Table 2. Correspondence among each bit of dual-port RAM direction specify register, dual-port RAM and access 


flag 


Dual-port RAM 


Access flag 





Local bus address 


Dual-port RAM direction 
specify register 


System bus address 


Local bus address System bus address 











0280, 6 ~ O29F, 6 


00i6™~1 Fis 


00D0,,.~00D34., 5016 ~ 5316 








02A0, 6 ~ O2BFig 


2016~3Fis 





00D4,.6.~00D7i., 5416~ 5716 
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(IPC mode register, IPC error register] 

Local bus : address 00F0,5.~~00F 74, 

System bus : address 78;~.~7Big 

IPC mode registers O~1 (IPCMO~IPCM1) and IPC error 
registers 0~1 (ERRO~ERR1) are the 8-bit registers which 
can be set by the user without restriction. IPC mode regis- 
ters 0~1 are used to specify the mode setting such as 
UART from the external master CPU via the system bus. 
IPC error registers 0~1 are used to indicate the error found 
on the local CPU to the outside via the system bus. On the 
system bus, IPC mode registers 0~1 and IPC error regis- 
ters 0~1 share two bytes of the same address, with the for- 
mer being for write only and the latter for read only. On the 
local bus, the former is for read only and the latter is for 
both read and write. 
The data written from the system bus to IPC mode registers 
O~1 can be read from the local bus only. If an access to 
read or write is performed from the system bus on IPC 
mode register 0/IPC error register 0, an interrupt request 
(IPCMO) is caused. 
When IPC error registers 0~1 are accessed for read from 
the system bus, only the bits which are found “1” are reset 
by hardware. When these registers are read from the local 
bus, their values remain unchanged. 


[IPC semaphore register] 

Local bus : address 00F94. 

System bus : address 7Fi¢ 
This register is for handshaking with the master CPU and 
consists of block semaphore flags (BS, ~ BS;) and the 
ready flag (RDY). BS,~BS,; can be read/written from both 
the local and system buses. RDY can be read/written from 
the local bus and read only from the system bus. With this 
register, all bits can be read at a time but, in a write opera- 
tion, only one bit can be written at a time. The low-order 
three bits of the data to be written are used to specify to 
which register bit the data is to be written. Bit 7 is used to 
specify whether to write “1” or “0”. At reset, all bits are 
cleared to “OQ”. 
RDY is cleared to “0” also when an access to write is per- 
formed by the system bus on IPC mode register 0. 


IPC semaphore 
register 


Block 
semaphore 
flag 

Ready flag 





Fig. 5 Bit structure of IPC semaphore register 


[Collision detect register] 

Local bus : address O0FA;. 

System bus : address 7E4¢ 
This register consists of two bits of collision detect flags 
(CD,~CDs), the collision interrupt enable bit, and collision 
interrupt request bit. The collision detect flags are set when 
an access to read is performed by the system bus on the 
same address on the dual port RAM to which the local bus 
is writing data. These flags indicate that the data read by 
the master CPU may be incorrect. When these flags are 
set, a collision detect interrupt request occurs. 
Each collision flag corresponds to each 32 bits of the dual 
port RAM. The flag bit corresponding to the address at 
IED access competition occurred is set. The relationship 
“between the flag bits and the dual port RAM is shown in 
Table 3. These flags can be read from both buses. All bits 
are cleared when read from the system bus or at reset. 
The collision interrupt enable bit can be read/written from 
the local bus. When it is read from the system bus, “0” is 
always output. The collision interrupt request bit can be 
read only from the local bus. Only “0” can be written. 


Table 3. Correspondence between collision detect flag 
and dual-port RAM 


flag System bus address 
| CDs | 028019~020F ig | O01 Fie 
| CDs _ | 02A0s~02BFi _ | 















Collision detect 
register 


Collision detect flag 


Collision interrupt enable bit 


0 : Interrupt disable 
1 : Interrupt enable 


Collision interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig. 6 Structure of collision detect register 
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INTERRUPT 

Interrupts can be caused by 6 different events. 

Interrupts are vectored interrupts with priorities shown in 
Table 4. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis- 
abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1” interrupt 
request bit is “1”, and the interrupt inhibit bit is “O”. The in- 
terrupt request bit can be reset with a program, but not set. 
The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 7 shows interrupts control. 

All interrupt request bits except the collision interrupt are in 
the interrupt request register (address 00FC,,). The colli- 
sion interrupt request bit is in the collision detect register 
(address O0O0FA,,). The interrupt request bit is set when the 
following conditions occur: 

(1) When the data is set to receive buffer of UART 

(2) When the master CPU accesses the IPC mode/IPC 
error register 0 through bus interface 

When the contents of the timer X goes to “0” 

When one of the bit 4~bit 5 of the collision detect reg- 
ister is set to “1” 

(5) When the data is set to transmit buffer of UART 


— 
> Ww 





There are two interrupt enable bits for each interrupt ex- 
cept collision interrupt. One is in interrupt enable register 
(address OOFB,,.) , the other is in UART control register 
(address OOEE,.) or timer control register (address 
OOFF,,). Interrupts are become enable when these two en- 
able bits are both “1”. The collision interrupt enable bit is in 
bit 6 of collision detect register. 

UART transmit interrupt is controlled by CTS function select 
bit and CTS pin input (see UART section). 

Since the BRK instruction interrupt and the UART transmit 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if UART transmit generated 
the interrupt. 


Table 4. 


Interrupt vector address and priority 


Vector addresses 
1FFF4,6, 1FFEi6 
TFF946, 1FF8i6 
1FF74.6, 1FF64, 
1FF546, 1F F446 
1FFS346, 1FF2i¢ 


Interrupt 
RESET 
UART receive 
IPCMO 
Timer X 
Collision 
UART transmit/ 


; 1FEDi6, 1FECi¢ 
BRK instruction 
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UART control register (address OOEE;.¢) 
bit 4 : CTS pin function select bit 

bit 3 : UART receive interrupt enable bit 
bit 1 : UART transmit interrupt enable bit 
bit 0 : UART transmit enable bit 


Interrupt request register (address OOFCig) 
bit 5 : UART receive interrupt request bit 
bit 4 : IPCMO interrupt request bit 

bit 3 : Timer X interrupt request bit 

bit 0 : UART transmit interrupt request bit 


Interrupt enable register (address 00FB,,) 
bit 5 : UART receive interrupt enable bit 
bit 4 : IPCMO interrupt enable bit 

bit 3 : Timer X interrupt enable bit 

bit 0 : UART transmit interrupt enable bit 


Timer control register (address OOFF,.) 
bit 7: IPCMO interrupt enable bit 
bit 6 : Timer X interrupt enable bit 


Collision detect register (address OOFA;¢) 
bit 7 : Collision interrupt request bit 
bit 6 : Collision interrupt enable bit 


Interrupt request -C | Interrupt disable flag | 


Reset 





Fig. 7 Interrupt control 
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TIMER 

The M37408M2-XXXSP has one timer: timer X. It has an 8- 
bit prescaler. Each timer or prescaler is structured with 8- 
bit counter. A block diagram of timer X is shown in Figure 
9. Timer or prescaler is a down-counter which is reloaded 
from the latch when the next clock pulse after the timer 
reaches zero. The division ratio is defined as 1/(n+1) 
where n is the decimal contents of the timer latch. The tim- 
er interrupt request bit (bit 3 of the address OOFC,, of local 
address bus) is also set to “1” at this time. Timer counts the 
oscillation frequency divided by 16 when the bit 5 of timer 
control register is “O”, and stops when “1”. The structure of 
the timer control register is shown in Figure 8. 

When the STP instruction is executed, or after reset, the 
prescaler and timer latch are set to FFig and O1i.6, respec- 
tively. Also, when the STP instruction is executed, the oscil- 
lator’s frequency (divided by 16) will become the counting 
source. This state will be released when the timer X inter- 
rupt request bit is set to “1”, or after a reset. For more de- 
tails on the STP instruction, refer to the oscillation circuit 
section. 


Local bus 


FFig 


Timer X count control bit 
(bit 5 of address OOFF 4.) 


Fig.9 Timer X block diagram 





Oscillator Divider | 
f(Xiw) 1/16 
* La Prescaler (8) 


STP instruction 





Timer control register (Address OOFF,.) 


Processor mode bit 
00 : Single-chip mode 
01: 
10°} Not used 
11: 
Timer X count control bit 
0 : Count timing ¢ divided by four 
1 : Count stops 


Timer X interrupt enable bit 
0 : Interrupt disable 
1: Interrupt enable 


IPCMO interrupt request bit 
0 : No interrupt request 
1 > With interrupt request 


Fig. 8 Structure of timer control register 


to timer X interrupt request bit 
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UART 

The M37408M2-XXXSP contains one channel of UART. This 
UART has three pins TxD (transmit output), RxD (receive 
input), and CTS (clear to send) and contains the receive 
(transmit) shift register, the receive (transmit) buffer regis- 
ter, the UART mode register, the UART control register, the 
UART status register, and the baud rate generating divider. 
It also has a CLK pin the input pin of the external clock for 
baud rate generation. An interrupt can be generated at re- 
ceive and transmit independently. 


Local bus 


“Receive buffer Receive shift Start bit detection 
register register circuit 


UART control register : 
circult 


baud rate 
UART status register 


= 
CTSD 
UART mode register baud rate 
) CTSO > 
1/16 Transmit control 
— alma Ct 


Transmit buffer Transmit shift 
register register 





Fig. 10 UART block diagram 
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[Receive operation] 

Setting the receive enable bit (bit 2 of the UART control 
register) to “1” puts the system in the receive enable state. 
When there is no input of receive data, “H” is input to RxD 
pin. When the falling edge is input to RxD pin and “L” input 
is detected twice consecutively by sampling with the clock 
having a frequency 16 times the baud rate, the start bit is 
triggered. Then, sampling is performed three time in the 
middle of the start bit. When “L” is detected twice or more, 
the receive operation begins, capturing the data bits into 
the receive shift register. If “L” has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receive shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found “L”. If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. The receiver ready flag is 
reset when the receive buffer register is read. Each error 
flag can be reset by writing “1” to the error flag reset bit 
(bit 7 of the UART control register). Any of these errors 
does not affect the receive operation. The data bit, the par- 
ity bit, and the stop bit are sampled three times in the mid- 
dle of them each. When “L” or “H” is detected twice or 
more, “0” or “1” is determined respectively. 

Each time a receive operation has been completed, setting 
the receiver ready flag, the UART receive interrupt request 
bit (bit 7 of the interrupt request register) is set. An inter- 
rupt is acknowledged when the two UART receive interrupt 
enable bits (bit 3 of the UART control register and bit 7 of 
the interrupt enable register) are both “1”, and the interrupt 
disable flag | is “O”. The UART receive interrupt request bit 
is reset when a UART receive interrupt is acknowledged. 
Setting the receive enable bit (bit 2 of the UART control 
register) to “0” puts the system in the receive stopped 
state. At this time, the receiver ready flag is “0” (ready), 
the receive shift register is in the stopped state, and the 
start bit detection is stopped. 


[Transmit operation] 

When the send data is written to the transmit buffer regis- 
ter, the start bit, parity bit, and stop bit are added to the 
data, which is transferred to the transmit shift register. The 
transmit shift register begins shift when it becomes enable 
for transmission, sending the serial data to TxD pin. For the 
description of the transmit enable state, see Table 5. ' 

In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com- 
pleted, it is checked whether the next data has been writ- 
ten to the transmit buffer register. If the data is found writ- 
ten, transmission of the next data begins. If the data is 
found not written, TxD pin is held at “H” until the next trans- 
mit data is written, setting the transmitter empty flag. When 
the transmit enable state is cleared during transmission, the 
transmission is stopped after completing the transmission of 
the transmit data so far written to the transmit buffer reg- 
ister. 

When the transmitter ready flag (bit 0 of the UART status 
register) is “1”, it indicates that the transmit buffer is ready 
for writing data. The immediately preceding data is trans- 
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART transmit interrupt request bit (bit 2 of the interrupt 
request register) is set. An interrupt is acknowledged when 
two UART transmit interrupt enable bits (bit 3 of the UART 
control register and bit 2 of the interrupt enable register) 
are both “1” and the interrupt disable flag 1 is “0”. Note that 
an interrupt occurs only in the transmit ready state. 

Bit 6 of the UART control register initializes the UART 
transmit side. When this bit “0”, the transmit side is in the 
initial state. 


Table 5. Bit and pin states when transmission is enable 


: UART transmit enable bit 
: CTS pin function selection bit 
: CTS pin input level 
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[UART divider for baud rate generator] 
This is an 8-bit programmable divider which generates the 
baud rate for the UART receive or transmit operation. 

When the setting value is Nar (0 to 255), the divide ratio 
becomes 1/(Nser+1). There are three count sources; Xin 
clock divided by 2, Xiy clock divided by 32, and the exter- 
nal clock. Choose sources by bits 4 and 5 of the UART 
mode register. Table 6 shows the baud rate calculation for 
each bit combination. 

When the external clock is used, the frequency of the input 
clock must be below 1.6MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UART control register are both “0”. 


Local bus 


Baud rate register 


KOS 


oa Selection gate : Connected to black 


colored at reset 


Fig. 11 Baud rate generating circuit 





Table 6. Baud rate calculation 














Calculation 
aan ai 
(Xin) 
baud rate (bps)==,__. 
(OPS) 5 (Nan tl) 
f( Xin) 

t = 
baud rate (bps) 512(Ner+1) 
baud rate (bps) = bide 

aud rate (bps 16(Non+1) 
EX : Clock selection bit for baud rate generator 
BR : Divide ratio selection bit for baud rate generator 


Baud rate counter 
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[CTS pin) 

The CTS pin can be used as the 1-bit I/O port when bit 4 of 
the UART control register (CTSE) is “0”. In this case, the 
input/output direction can be determined by bit 7 of the 
UART mode register (CTSD) and the output data can be 
set by bit 5 of the UART control register (CTSO). Addi- 
tionally, the input level can be known by bit 7 of the UART 
status register (CTS). 


Sd mode _ register) 
Parity enable bit - PEN 
Setting this bit to “1” adds a parity bit to the transmit 
data. In a receive operation, this bit is used for parity 
evaluation. 

@ Parity select bit: EVN 
This bit specifies the parity bit to be generated in a 
transmit operation and the parity bit to be evaluated in a 
receive operation. Depending on the content of this bit, 
the number of 1’s in data is made even or odd. 

@ Character length select bit : CHL 
This bit specifies the character length of data. 

@ Stop bit length select bit - ST 
This bit specifies the stop bit length. 

@ Baud rate generating prescaler divide ratio select bit - 
BR 
When this bit is “0”, the signal obtained by dividing Xi, 
clock by 2 becomes the count source of the baud rate 
divider. When this bit is “1”, the signal is obtained by di- 

_ viding the clock by 32. 

@ Baud rate generating synchronous clock selection bit - 
EX 
This bit specifies baud rate synchronous clock. When 
this bit is “1”, external clock is input from the CLK pin. 

@ CTS pin I/O select bit : CTSD 
When this bit is “0”, the CTS pin is the input pin. 
When this bit is “1”, the pin is the output pin. To use the 
CTS pin as the CTS input, set “0”. 


[UART control register] 

@ Transmit enable bit - TE 
Setting this bit to “1” enables a transmit operation. 

@ Transmit interrupt enable bit : TIE 
When this bit is “1”, the interrupt in a transmit operation 
is enabled. 

@ Receive enable bit : RE 
Setting this bit to “1” enables a receive operation. 

@ Receive interrupt enable bit - RIE 
When this bit is “1”, the interrupt in a receive operation 
is enabled. 

@ CTS pin function select bit : CTSE 
When this bit is “1”, the CTS pin becomes the CTS 
input. 


@ CTS output data select bit : CTSO 
When this bit is “0”, “L” is output. When it is “1”, “H” is 
output. 

@ Transmit side initialize bit : MR 
When this bit is “0”, the transmit side is initialized. 

@ Error flag reset select bit - ERST 
Setting this bit to “1” resets all error flags. When this bit 
is read, “0” is always read. 


ART status register] 
Transmitter ready flag - TxXRDY 
When this flag is “1”, it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

@ Receiver ready flag : RxRDY 
When this flag is “1”, it indicates that the receive buffer 
register is holding receive data. When the receive buf- 
fer register is read, it is cleared. 

@® Transmitter empty flag - TEMP 
When this flag is “1”, it indicates that neither the trans- 
mit shift register nor the transmit buffer register holds 
the data to be transmitted. 

@ Parity error flag : PE | 
This bit is set to “1” when the parity of the received 
data is different from the parity which was set. 

@® Overrun error flag - OR 
When this flag is “1”, it indicates that, before the data in 
the receive buffer register is read, the next data is 
transferred from the receive shift register to the receive 
buffer register and the previous data is lost. 

@ Framing error flag : FE 
This flag is set to “1” when the stop bit is found “L” 
when data is transferred from the receive shift register 
to the receive buffer register. 

® CTS pin input level flag : CTS 
When the input level of the CTS pin is “L”, “O” is read; 
when it is “H”, “1” is read. 





9 MITSUBISHI ae 
ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


M37408M2-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





7 0 
[ol [= lobe 


v 0 
ers] | Fe [on | re [revehorfuv 


7 0 
vanrmoin voter [oof ]vo[oalre] [re] e] Uso ons 


Parity enable bit 
0: Parity disable 
1 : Parity enable 
Parity select bit 
0 : Odd parity 
1 : Even parity 
Character length select bit 
0 : 7-bit 
1: 8-bit 
Stop bit length select bit 
0: 1-stop bit 
1 : 2-stop bit 
Baud rate generating prescaler 


divide ratio select bit 
0: Xw clock divided by 2 


1: Xin Clock divided by 32 


Baud rate generating 


synchronous clock select bit 
0 : Internal clock 


1 : External clock 


CTS pin !/O select bit 


0: Input 
1 : Output 


UART status register 


Transmitter ready flag 
0 : Transmit buffer full 
1° Transmit buffer empty 


Receiver ready flag 
0 : Receive buffer empty 
1 : Receive buffer full 


Transmitter empty flag 
0: Exit data for transmit 
1 : No data for transmit 


Parity error flag 
0: No error 
1 : Error 


Overrun error flag 
0 : No error 
1: Error 


Framing error flag 
0 : No error 
1 : Error 


CTS pin input level flag 
0 = a Dei 
] as Hy” 


Fig. 12 Structure of registers related to UART 


Transmit enable bit 

0 : Transmit disable 

1° Transmit enable 
Transmit interrupt enable bit 

0 : Interrupt disable 

1 : Interrupt enable 
Receive enable bit 

0 : Receive disable 

1 : Receive enable 
Receive interrupt enable bit 
0 : Disable 


1: Enable 

cts pin function select bit 
0: 1/O port 
1: CTS pin 

CTS output data select bit 
0: “L” output 
1: “H” output 


Transmit side initialize bit 

0 * Initialize 

1: Transmit enable 
Error flag reset selection bit 
0 : Reset disable 

1 : Error flag reset 
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RESET CIRCUIT 

The M37408M2-XXXSP is reset according to the sequence 
shown in Figure 14. It starts the program from the address 
formed by using the content of address 1FFF,, as the high 
order address and the content of the address 1FFE,, as the 
low order address, when the RESET pin is held at “L” level 
for more than 24s while the power voltage is in the recom- 


Power on 
M37408M2- 


XXXSP 


M37408M2- 
XXXSP 


a aoe! Supply voltage 


epee! ae ae detection circuit 


SYNC 


Address 


mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 15 
and 16. 

An example of the reset circuit is shown in Figure 13. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xiy-Xoyr becomes stable. 


Reset address from the vector table 


Data 2 KX? MK? MK? KP KA ADH 


8~12 clock cycles 


Note 1: Frequency relation of f(Xin) and ¢1s f(Xin) =4°¢ 
2: The mark “ ?” means that the address is changeable depending on the previous state 


Fig.14 Timing diagram at reset 
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Local bus address 


Port P1 directional register (EXe)"| Oe 
Dual-port RAM direction specify register (E246)"4 0016 

UART mode register (EDi5)"*|0 |X| 0 jo] 0 | 0 | 0 |o| 
UART control register (EE,,)"*-|X }o/ol/olojojojo 


IPC error register 0 (F446)°°° 0016 


IPC error register 1 (F7 6) 0016 


~~] 


UART status register 











IPC semaphore register (F916)°-4 0016 


ey 
Collision detect register (Fre) 0016 








| 


Interrupt enable register (FBy6) 00:6 








Interrupt request register 





Prescaler X (FDi6): 


L 
Timer X , (FE,6) { O16 | 


Timer control register (FFy5):-| 0 | 0| 0|x </>] 0| 0 
4 








(FCi6) 0016 | 











——e 


Access flag (D0;g~D716)°"' 0046 


Processor status register (Ps) |_| i I [al [| 


Program counter (PC,,)-:|Contents of address 1FFFi, 


(PC ++ Contents of address 1FFE sd 


Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, it is necessary to set initial values 




















Fig.15 Internal state of microcomputer at reset (1) 


System bus address 


(7746) 0016 | 
Ss or 
(7816)°"} 0016 
(7By6) “4 0016 ei 
(7Ex6) "| 0016 
(7Fie)| 0016 
(50~S716)""| 0046 





Port PO directional register 


IPC error register 0 





IPC error register 1 








Collision detect register 





IPC semaphore register 











Access flag 


Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, tt is necessary to set initial values 








/O PORTS 


(1) 


Port PO System bus : address 764. 
Port PO is an 8-bit 1/O port with CMOS output. It can 
be accessed from system bus only and can not be 
accessed from local bus. 
As shown in the memory map (Figure 1), port PO can 
be accessed at system bus address 76,,. Port PO has a 
directional register (address 77;¢,) which can be used 
to program each individual bit as input (“0”) or as out- 
put (“1”). If the pins are programmed as output, the 
output data is latched to the port register and then out- 
put. When data is read from the output port the output 
pin level is not read, only the latched data in the port 
register is read. This allows:a previously output value to 
be read correctly even though the output voltage level 
is shifted up or down. Pins set as input are in the float- 
ing state and the signal levels can thus be read. When 
data is written into the input port, the data is latched 
only to the port latch and the pin still remains in the 
floating state. This port becomes input at reset. 
Port P1 Local bus : address 00E0j, 
System bus: address 754. 
Port P1 is an 6-bit I/O port and connected to local bus. 
It has the same function as port PO except the con- 
nected bus. 
It's directional register is at local bus address 00E1 46. 
Also port P1 can be read from system bus but the pin 
state is read regardless the value of the port P1 direc- 
tional register. 
Address pins 
Address pins Ag~ Ag are the input pins directly con- 
nected to the system bus. The /-bit address corres- 
ponding to the system bus is input to these pins. The 
input level is TTL. 
Data pins 
Data pins Dp ~ D7 are the output pins directly con- 
nected to the system bus. The 8-bit data corresponding 
to the system bus is input/output on these pins. When 
the CS pin is “L” and the RD pin is “L”, the data pins 





Fig.16 Internal state of microcomputer at reset (2) become the output pins. When the CS pin is “L” and 
the WR pin is “L”, the data pins become the input pins. 
Setting the CS pin to “H” puts pins Do~D;, in the float- 
ing state. The I/O level is TTL. 
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i Directional register : 


Directional register 


Local bus () Port P'1 


System bus 





Fig. 17 Port PO, P1 block diagram 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢ is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FFi¢ and 


01,46, respectively. The oscillator (dividing by 16) is then | 


connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF,,) must be set to 
“0” before executing STP instruction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19 and 20. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 21. 
Xin tS the input, and Xourz is open. 


Interrupt request 


Interrupt disable flag | -_ 6 a Ss 
Reset 
WIT instruction4R R 
STP instruction R 





M37408M2-XXXSP 


Xour 


Fig. 19 External ceramic resonator circuit 


M37408M2-XXXSP 





Fig. 20 External ceramic resonator circuit 
(capacity built-in type) 


M37408M2-XXXSP 





External clock input circuit 


Reset 
1 


Fig. 21 


Q 


STP instruction 


-: Internal clock¢ 
BD: — 
i Prescaler X Timer X 
O 


Xin Xout 


Fig. 18 Block diagram of clock generating circuit 





Overflow 


Timer X converter stop bit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Change the address Ap ~ Ag input and the CS input 
when both the RD input and WR input are “H”. 

(4) Registers whose values change when read, are con- 
nected to the system bus of the M37408M2-XXXSP. If 
the master CPU generates an invalid read cycle, data 
is not correctly transferred. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(7) The STP instruction must be executed after setting tim- 
er X count enable bit to enable “0”, timer X interrupt 
enable bit to inhibit (“0”), and timer X interrupt request 
bit to no request (“0”). 

(8) The power current is max. 10mA in DC. However, be- 
cause a rush Current and a bus charge-discharge cur- 
rent flow transiently, a bypass capacitor must be con- 
nected between Vss and Vcc. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) ST @) \¥ ime [-\¢: Rr EPROM 35ets 
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ABSOLUTE MAXIMUM RATINGS 
Parameter | 








Input voltage, POp~P07, Pig ~P15, Do~D7, Ao™Ac, 
RD, WR, CS, CLK, RxD, CTS 
Input voltage, CNVss 
Output voltage, POpo~P07, Plo~P15, Xourt, 4, Do~D7, 
TxD, CTS 
Power dissipation 


With respect to Vss 
Output transistors cut-off 


Operating temperature 


Storage temperature 


Note 1 : 300mW for QFP types 


1000( Note 1 ): 





—10~70 


—40~125 


RECOMMENDED OPERATING CONDITIONS (vec = 5V+10%, Vss=O0V, Ta = —10~70°C, unless otherwise noted) 






Typ 


Parameter 










<= 
» 
x 






= 
o 


“H” input voltage Xin, RESET, CLK, PQg~ P07, 
Vin p ge Ain ered 7 0. 8Vec 
P1 o~P1 5) RxD, CTS 
Coot 0s3| 




















“H” input voltage Ag~~Ag, Do~D7, RD, WR, cS 
“L” input voltage PQo~P07, Plo~P1s, CLK, 03) | 
Vit ane 03 : 
RxD, CTS 
Wie 8 ed 
“L” input voltage RESET /—0.3] | 
Vie “L” input voltage Xin f—-03[ | 4 
“H” output current POg~P07, Plo~P1s, ¢, 
: = iain al 
lon “H” output current Do~D7 aa aaa 
“L” output current POg~P07, Pig~P1s, ¢, 
“L” output current Do~D7 Sa Gee 





Note 1 : The average output current lo.(avg) and lon(avg) are the average value of a period of 100ms 
2: Total of lo.(peak) of ports PO, P1, TxD and CTS is —50mA 
Total of lou(peak) Of ports PO, P1, TxD and CTS ts 50mA 





ELECTRICAL CHARACTERISTICS (Vcc =5V. Vss = OV, Ta = 25C, unless otherwise noted) 








“L” output voltage PO p~ P07, Plip~P1s, ¢, TxD, CTS lol=10mA 
“L” output voltage Do~D7 loL=1.6mA 
Input leak current Ag~Ae, RD, WR, CS, CLK VssSViS Voc 





























Input leak current RESET, Xin VssSViS7V 
Tri-state leak current POp~P07, P19~P15, Do~ Dz, 
loz ois Vsst0. 5SVoSVoec—0. 5V 


Hysteresis RESET, CLK, RxD, CTS 








(Xin) =10MHz 
Square wave 
Output terminals ditto 


are opened, (wait mode) 


Parameter Test conditions 
“H” output voltage POg~P07, P19p~P15, 4, TxD, CTS lon=—10mA 
“H” output voltage Do~D7 loyn>=—ImA 





Supply current 
others to Vss, At stop mode 


CS= Vcc Ta = 25 Cc 








At stop mode 
Ta = 70 
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TIMING REQUIREMENTS 


System DUS (Vcc=5V£10%, Vss=0V, Ta=—10~70, f(Xin) =10MHz, unless otherwise noted) 


Parameter Test conditions A 


tsyu(a—wr) | Ao~As CS input set-up time 
tsu(a—rp) | Ao~As CS input set-up time 











Symbol 


; 
< 


ojo 


Do~D7 input set-up time 
thcwra—a) | Ao~As CS input hold time 
thcap—a) | Ao~As CS input hold time 
thcwr—p) | Do~D7 input hold time 
twciwr) WR input “L” pulse width 


RD input “L” pulse width 


tsu(pb—wr”) 


— 
o;oO 


Fig. 22 


NO 
oS 
So 


RN 
oS 
© 





Local DUS (Voc=5V+10%, Vss=0V, Ta=—10~70T, f( Xin) =10MHz, unless otherwise noted) 


Fig. 22 





SWITCHING CHARACTERISTICS 


System DUS (Vcec=5V+10%, Vss=0V, Ta=—10~70C, f(Xin)=10MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


Do~D7 output delay time 
Do~D,7 output effective time 
Do~D7 output enable time 
Do~D7 output disable time 





Local DUS (Vcc=5V+10%, Vss=0V, Ta=—10~70C, f( Xin) =10MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions 


td(g—p1) | Plo~Pt15 output delay time 





Fig. 22 Port PO, P1, Do~D;, test circuit 
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TIMING DIAGRAMS 


System bus write cycle 


tw wr) 
MB Ls 
tsu(a—wr) 
thiwr—a) 
tsu(b—wr) thwr—p) 


System bus read cycle 


Twrrp) 


— a 
x ~~ 


td(p—Rp) tdis(rp—p) 


Pees | fee 
ae 7, 


Do~D, output E LLL 7 IN / 
ora Nw 777 


Local bus 


¢d | : 
td(¢ —P1) 


P1p~P15 output 






thi¢—P1) 
tsu(p1—9) : 
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DESCRIPTION 
The M37409M2-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW) 
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP (flat package type also 
available). This single-chip microcomputer is useful for the 
communication application used as a slave-microcomputer. 
In addition to its simple instruction sets, the ROM, RAM, mAdioes bie 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37409M2-XXXSP and the 
M37409M2-XXXFP are the package outline and the power 


1/O port PO 


RAM Carew eco esnecerersccrrereecsecerscces 128 bytes Data bus 

@ Instruction execution time 
--+0.8us (minimum instructions at 10MHz frequency) 
Single power supply f(Xiy)=1OMHZ «70700700 5V+10% 


dissipation ability (absolute maximum ratings). Read control signal RD —* = 
Chip select CS — Pe 
FEATURES © 
@ Number of basic instructions wee ence cere vesevecsececeseseseees 69 = V/O port P41 
e@ Memory size ROM rr i er aaa ar 4096 bytes < P 
$2 
op) 
U 


Transmit 
++ CTSs control input 


+~ RxD 3 Receive input 





@ Power dissipation Ligier a. araniarnik outbin 

normal operation mode (at 10MHz frequency) -- 50mW CNVeg <> CTS; Tansmit 
@ Subroutine nesting «7-77 64 levels (Max. ) Reset input RESET > + RxD, Redes mpi 
e Interrupt Nahas MAGeaALEE SAAC ELO URE Ue Saker ee Nera bere seep arenes 10 types Clock input —> T,D> Transmit output 
@ B-bit timer cccccccecceec eee eee ee eet eeeectec tee tecneeteteeseesseaeeees 1 Clock output ++ CTS; SOL Inpuk 
@ UART (Full-duplex):::csreseeerrrreeeteteee eee etesees 3 channels Timing output +— RxD, Receive input 
@ Dual-port RAMs rrrssrrreeeeereteee eee eee rece sees eee ees 192 bytes —* TxD, Transmit output 
@ Communication registers 

Access flag Tere ee eee eee ee eee eee Tee eee ee ee eee eee ee 192 bits 

Collision detect register ::::*+++s+7rstrrrrrrerrreeee 8-bitX1 

iPC* semaphore register de eawacs PACS esheRe eee eae: 7-bitX1 

IPC mode register shaw Wecclalclcsle Sea eee R eee Se Cae chow 8-bit* 4 

IPC error register i cdGo eta eawee Sooke Ge eaawiwereeneodeeees 8-bitX<4 
@ Programmable I/O ports 

(Ports PO, P1, CTS,~CTS;) cecade Sp vaiees ders aeasseocomenes 19 
@ Bus interface | 

Address bus eee r eee m cere nee reese aera aera es eeaeesesenseeessseses 8 

Data bus::°:::::: beets eee ewe eee emcee essere te eeseceseneees 8 M37409M2-XXXFP 

Control signal (WR, RD, CS) cre Tckoecemepuaweenreseeawes 3 
APPLICATION 


Office automation equipment — RESET 


Outline 56P6N 


NC : No connection 





* IPC:--Intelligent Protcol Controller 
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Clock Clock Timing R ; 
input output output cocumen 
oe RESET CNVss Vss Vcc  CTS3 RxDs TxD, CTS, RxD, TxD, CTS, RxD, TxD, CLK 


- -8—8-—6—-8--@ a 52 a es 2 oe -—___-—_—_, 
Cc 
= Lf ww, 


Local bus 

















Program Program 








P fr 
rocesso Instruction 


counter 
register(8) 


PC_(8) 


counter 


status register 


PS(8) PC1(8) 





ROM RAM 
4096 bytes 128 bytes 


8-bit arithmetic 






and logical unit 








b 


IPC semaphore 
register (7) 


PO(8 


ia EORw ? 1b dada —S2 id bd bd G) a ar EREEERE SSS —_ 


Az~Ao WR RD cs D7~ Do P07;~ PQ, P1 7 P1 (t) 
Address bus A Data bus DB 1/O port PO 1/O port P1 
















Collision detect 
register (8) 


IPC enor register 2(6) 






Dual-port 
RAM 
192 bytes 
















System bus 





Bus interface 


YaLNdWODONDIW SOW) Lid-S dIHD-2ATONIS 


ddi/dSXXX-cIN6GOPZEW 


SYUALNMWODOUDIW IHSIEGNSLIAW 
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FUNCTIONS OF M37409M2-XXXSP 


Functions 
Number of basic instructions 69 


Instruction execution time 0. 8s (minimum instructions, at 10MHz frequency) 
Clock frequency 1O0MHz 
ow S088 ts 
RAM 128 bytes 
B-bitX1 (System bus 1/0) 
8-bitX1 (Local bus I/O, System bus input) 


CTS,~CTSs3 1/O 1-bit*3 (Common with UART transmit control input) 


Bus interface 8-bitXI 
RD,WACS (| —Input_— T-baxa 
3 (with programmable baud rate generator) 
8-bit<1 (with 8-bit prescaler) 
System bus (IPCMO) interrupt 1, UART interrupt 6, Timer interrupt 1, Collision inter- 
rupt 1 
192 bytes 
Access flag 192 bits 
Collision detect register 8-bitX] 
IPC mode register 8-bitX<4 
IPC error register 8-bitx4 
Subroutine nesting 64 levels (max.) 





















Memory size 










Input/Output ports 







UART 





Interrupt 








Dual-port RAM 









Communication 






‘registers 







Clock generating circuit Built-in (externally connected ceramic or quartz crystal oscillator) 
Supply voltage 5V+10% 

50mWw 

5mWw 

0. OomW 

0. 5mW 

—10~70° 














at operation 






at wait mode 


at stop mode 
Device structure CMOS silicon gate process 


Back M37409M2-XXXSP 52-pin shrink plastic molded DIP 
ackage 
: M37409M2-XXXFP 56-pin plastic molded QFP 






Power dissipation 










Operating temperature range 
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PIN DESCRIPTION 



















Functions 


Input/ 
Output 
Vcc, Supply voltage 
Vss 
poNves fom | 


— . 
> 


Clock input Input 


1/0 Port PO ts an 8-bit 1/O port with directional register allowing each I/O bit to be individually programmed as 
input or output This port is connected to the system bus only, and can not be accessed from the local bus. 
At reset this port becomes input mode. The output structure is CMOS output 







Power supply inputs 5V+10% to Vcc, and OV to Vss 











This is usually connected to Vsg 










To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 







This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xour pins. If an external clock is used, the clock 
source should be connected the Xjy pin and the Xoyr pin should be left open 




























Timing output This 1s the timing output pin 












1/O port PO 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO This port is connected to the 
local bus and can be used as only input port from the system bus The output structure is CMOS output. 


1/O port P1 





UART transfer output Output These are UART transfer data output pins 


1/0 


UART receive input These are UART receive data input pins 


UART transfer control 
input 


These are UART transfer control signal input pins and can be used as I/O port which have basically same 
function as port P1. 





UART clock input This port is an external clock input pin for baud rate 





Address input This port is input for system address 











Data input/output 1/0 This port is input or output the system data 


Chip select Input System data can be read or written by inputting “L” to this port 


Memory or register data specified by Ap~A; is read from Do~D7 by inputting “L” to this port 
Data input from Do~Dz is written to memory or register specified by Ag~A7 by inputting “L” to this port 











Read control input 


Write control input 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37409 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 
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ADDRESS AREA 

M37409M2-XXXSP has two buses; the local bus connected 
to the CPU of its own, and the system bus connected to the 
CPU of the external master computer. There are two cor- 
responding address area. 

The local bus has thirteen address buses and eight data 
buses. The address area, which is 8192 bytes, is addresses 
from 0000,, to 1FFF46¢. 

For this local bus area, addresses 1000,, to 1FFF,, are 
assigned to the built-in ROM area which consists of 4096 
bytes. 

The system bus has eight address buses and eight data 
buses. The address area, which is 256 bytes, is addresses 
from 0016 to FF4.. 

The internal memories and registers are connected to one 
or both of these buses. Therefore, it is necessary, in writing 
programs, to Know the operation of each functional block as 
well as to which bus the memories and registers are con- 
nected at what addresses. 


00001. 

RAM 

(128 bytes) 
007Fi¢ 
00C0,. 

Access 

flag 
00D7i¢ 
00E01, 

SFR area 
OOFF i, : 
0200. 
Dual-port RAM 


(192 bytes) 


ROM 
(4096 bytes) 


Interrupt vector area 


1FFFi¢ 


Address area apply to local bus 


Fig. 1 Memory map 


02BF 16 ae 





MEMORY 

* Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
* Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

* Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


0016 














Dual-port RAM 
Access flag 


F51¢6| Port P1 


F6, 6 Port PO 


C016 





F716] Port PO directional register 


| Collision detect register 


F816 


F946 


FAi6 


FBi¢ 


FE16¢ 


Special FF,.{| IPC semaphore register 

page for 

crn Address area apply to system bus 
ca 
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Fig. 2 SFR (Special Function Register) memory map 
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Bus Interface ter CPU, specify the address by Ajp~A; and set WR to “L”, 
M37409M2-XXXSP has the bus interface to operate itself and the data at D)>~D,; is written to the specified address. 
by the control signal sent from the master CPU. The master When reading data, specify the address by Ay~A7; and set 
CPU can access the memories and registers located in the RD to “L”, and the contents of the specified address are 
system address area described below via this bus inter- output to Do~ D7. 

face. The bus interface has address pins Ag to A7, data pins Driving the cs pin to “H” puts the M37409M2-XXXSP in the 
Dy to D7, and three controls signals CS, WR, and RD which, state which does not allow the read and write operations 
can be directly connected to TTL. | from the master CPU. At this time, the outputs of Do to D7 
Driving the cs pin to “L” put this microcomputer in the are in the floating state. 

read/write enabled state. When writing data from the mas- Figure 3 shows the block diagram of the bus interface. 


Local bus 


8 


8 
IPC error register 0(8) IPC mode register 0(8) Access flag Dual-port Collision detect! 
IPC error register 1(8) IPC mode register 1(8) 192 bits RAM register (8) 


IPC error register 2(8) IPC mode register 2(8) 192 bytes | 
IPC error register 3(8) IPC mode register 3(8) 
8 





Fig. 3 Block diagram of bus interface 
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Dual-port RAM 

The dual-port RAM, which is 192 bytes, is the memory 
which allows the read/write operation from both the local 
and system buses independently. From the local bus, it is 
allocated at addresses 0200;¢ to 02BF,.,; from the system 
bus, addresses 00,;, to BF,,. Table 1 shows the result when 
the write and read operations from both buses compete at 
the same address. 


Table 1. Result obtained by simultaneously accessing 
the same address from the system and local 
buses 


Read 





Simultaneous read from both 


BUSES Correct data 








Simultaneous write from both 
buses 





Unpredictable 





Read from one bus, write 
from the other 


Correct data Uncertain 


[Access flag) 
Local bus : address 00C0;,.~00D7\. 
System bus : address C0;g.~D71¢ 
The access flag arbitrates the access to the dual-port RAM. 
One bit of access flag is allocated to one byte of dual port 
RAM, amounting 192 bits (24 bytes) in total. The access 
flag can be read from both the system and local buses. Fi- 
gure 4 shows the relationship between each byte of the 
dual port RAM and each bit of the access flag. Each bit is 
cleared to “0” when an access to read is made to the dual 
port RAM from either bus, it is set to “1” when an access to 
write is made. If an access to read from one bus and an ac- 
cess to write from the other compete at the same address 
of the dual port RAM, the values of the corresponding ac- 
cess flags are uncertain. At reset, all access flags are 
cleared to “0”. 





[Dual-port RAM direction specify register] 

Local bus : address 00E2,, 
This register specifies that the read operation of which bus 
clears each bit of the access flag. One bit of this register 
corresponds to 32 bytes of the dual-port RAM (32 bits of 
the access flag). This register consists of six bits. Each ac- 
cess flag is cleared by the read operation from the system 
bus when the corresponding dual-port RAM direction spe- 
cify register is “0”; when it is “1”, each access flag is 
cleared by the read operation from the local bus. As for a 
write operation, the access flag is set regardless of which 
bus has made it. Table 2 shows the relationship between 
each bit of the dual-port RAM direction specify register and 
the dual-port RAM and the access flag. At reset, all bits are 
cleared to “0”. 











access flag 


















Local bus System bus 
address address 07 
00C016 C016 06 | 05 | 04 
00C 146 Ci OF |0E|0D/0C| 0B! 0A 
000214 C216 

(Note) 
00D74¢ D7,, |BF|BE|BD|BC BB| BA B9 B8 | 












(Note) The numeric shows the system bus 
address of dual-port RAM corresponds to 
each access flag Dual-port RAM direc- 
tion specify register specifies which bus 

read-out resets the access flag bit 








Fig. 4 Correspondence between each byte of dual-port 
RAM and each bit of access flag 


Table 2. Correspondence among each bit of dual-port RAM direction specify register, dual-port RAM and access 


flag 


Dual-port RAM direction Dual-port RAM 


Access flag 


















































specify register Local bus address System bus address Local bus address System bus address 
fF tO 0200;6~021Fi¢ = 0016~1Fi¢ 00CO6~00C316 | C0ig~C316 
022016~023Fic | A016 ~ SF ie | 0064,.~00C716 | C4ig~C7i6 
0240;6~025Fig | 4016~5Fi6 00C816~00CBic C816~CBis 
026016~027F i 6016~7Fi6 ile: 00CCi.~00CFig CCre~CFie 
0280:c~029Fig | 8016~9F 16 00D0,¢~00D316 zi D0ie~D3i6 
02A016~02BF 16 A0ie~ BFi6 00D4;.~00D716 D416~D7i6 
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[IPC mode register, IPC error register] 
Local bus : address 00F0,.~00F7;. 
System bus : address F8,,.~FBi¢ 
IPC mode registers 0~3 (IPCMO~IPCMS3) and IPC error 
registers 0~3 (ERRO~ERR3) are the 8-bit registers which 
can be set by the user without restriction. IPC mode regis- 
ters 0~3 are used to specify the mode setting such as 
UART from the external master CPU via the system bus. 
IPC error registers 0~3 are used to indicate the error found 
on the local CPU to the outside via the system bus. On the 
system bus, IPC mode registers 0~3 and IPC error regis- 
ters 0~3 share four bytes of the same address, with the 
former being for write only and the latter for read only. On 
the local bus, the former is for read only and the latter is for 
both read and write. 
The data written from the system bus to IPC mode registers 
0~3 can be read from the local bus only. If an access to 
read or write is performed from the system bus on IPC 
mode register 0/IPC error register 0, an interrupt request 
(IPCMO) is caused. 
When IPC error registers 0~3 are accessed for read from 
the system bus, only the bits which are found “1” are reset 
by hardware. When these registers are read from the local 
bus, their values remain unchanged. 


[IPC semaphore register] 

Local bus : address O0F9,, 

System bus : address FF. 
This register is for handshaking with the master CPU and 
consists of block semaphore flags (BSO'~ BS5) and the 
ready flag (RDY). BSO~BS5 can be read/written from both 
the local and system buses. RDY can be read/written from 
the local bus and read only from the system bus. With this 
register, all bits can be read at a time but, in a write opera- 
tion, only one bit can be written at a time. The low-order 
three bits of the data to be written are used to specify to 
which register bit the data is to be written. Bit 7 is used to 
specify whether to write “1” or “0”. At reset, all bits are 
cleared to “0”. 
RDY is cleared to “0” also when an access to write is per- 
formed by the system bus on IPC mode register 0. 


7. 0 
mL i= 
fe eae al = Wer 








IPC semaphore 
register 


Block 
semaphore 
flag 

ready flag 





Fig.5 Bit structure of IPC semaphore register 


[Collision detect register] 

Local bus : address O00FA;., 

System bus : address FE;, 
This register consists of six bits of collision detect flags 
(CDp~CDs;), the collision interrupt enable bit, and collision 
interrupt request bit. The collision detect flags are set when 
an access to read is performed by the system bus on the 
same address on the dual port RAM to which the local bus 
is writing data. These flags indicate that the data read by 
the master CPU may be incorrect. When these flags are 
set, a collision detect interrupt request occurs. 
Each collision flag corresponds to each 32 bits of the dual 
port RAM. The flag bit corresponding to the address at 
which access competition occurred is set. The relationship 
between the flag bits and the dual port RAM is shown in 
Table 3. These flags can be read from both buses. All bits 
are cleared when read from the system bus or at reset. 
The collision interrupt enable bit can be read/written from 
the local bus. When it is read from the system ‘bus, “0” is 
always output. The collision interrupt request bit can be 
read only from the local bus. Only “0” can be written. 


Table 3. Correspondence between collision detect flag 
and dual-port RAM 


Collision detect Dual-port RAM | 
flag Local bus address System bus address 

















0200;6~021Fie 
022016~023F 16 2016~3F 16 
0240,6~025F 16 4016~5F 16 
0260:5~-027F 16 
| CDe | 028015~029F 16 | B01 ~ Fig 





02A0, 6~ O2BFi¢ 


Collision detect 
register 


Collision detect 
flag 


Collision interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Collision interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig. 6 Structure of collision detect register 
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INTERRUPT 

Interrupts can be caused by 10 different events. 

Interrupts are vectored interrupts with priorities shown in 

Table 4. Reset is also included in the table because its op- 

eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 

interrupt disable flag | is set, and the program jumps to the 

address specified in the vector table. The interrupt request 

flag is cleared automatically. The reset and BRK instruction 

interrupt can never be inhibited. Other interrupts are dis- 

abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 

interrupt request bit and an interrupt enable bit. 

Interrupts other than the BRK instruction interrupt and reset 

are accepted when the interrupt enable bit is “1” interrupt 

request bit is “1”, and the interrupt inhibit bit is “0”. The in- 

terrupt request bit can be reset with a program, but not set. 

The interrupt enable bit can be set and reset with a 

program. 

Reset is treated as a non-maskable interrupt with the high- 

est priority. Figure 7 shows interrupts control. 

All interrupt request bits except the collision detect inter- 

rupt are in the interrupt request register (address O0FC;.). 

The collision detect interrupt request bit is in the collision 

detect register (address OOFA;,). The interrupt request bit 

is set when the following conditions occur: 

(1) When the data is set to receive buffer of UART1, 
UART2, or UART3 

(2) When the master CPU accesses the IPC mode/IPC 
error register 0 through bus interface 

(3) When the contents of the timer X goes to “0” 

(4) When one of the bit 0~bit 5 of the collision detect reg- 
ister is set to “1” 

(5) When the data is set to transmit buffer of UART1, 
UART2, or UARTS 


. Timer X 
Collision detect 


There are two interrupt enable bits for each interrupt ex- 
cept collision detect interrupt. One is in interrupt enable 
register (address OOFB,,), the other is in UART1, UART2, 
UARTS control register (address 00E6;¢, OOEA;.¢, OOEE,,) or 
timer control register (address OOFF,,). Interrupts are be- 
come enable when these two enable bits are both “1”. The 
collision interrupt enable bit is in bit 6 of collision detect 
register. 

UART transmit interrupt is controlled by CTS,, CTS. or 
CTS; function select bit and CTS,, CTS, or CTS; pin input 
(see UART section). 

Since the BRK instruction interrupt and the UARTS3 transmit 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if UART3 transmit gener- 
ated the interrupt. 











Table 4. Interrupt vector address and priority 


| __ interrupt, | Prionty | Vector addresses | 

1 1FFFig, 1FFE16 

TFF 9,6, 1FF8x¢ 

IFF 716, 1FF6:6 
1FF5i¢, 1FF416 


1FEFi6, 1FEEi¢ 


1FEDi6, 1FECi¢ 






















UART1 transmit 
UART2 transmit 


UARTS transmit/ 
BRK instruction 
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bit 4: CTS, pin function select bit 

bit 3 : UART1 receive interrupt enable bit 

CE Gis bit 1 : UART1 transmit interrupt enable bit 
ay 0 bit 0 : UART1 transmit enable bit 


titty 
oe 






U 0 
Py yd tt dy td UART1 control register (address 00E6,¢) 
cae 











UART2 control register (address OOEA;.) 
bit 4 : CTS» pin function select bit 

bit 3 > UART2 receive interrupt enable bit 
bit 1 : UART2 transmit interrupt enable bit 
bit 0 : UART2 transmit enable bit 





UARTS3 control register (address 00EE,,¢) 
bit 4 : CTS, pin function select bit 
bit 3 : UARTS receive interrupt enable bit 
bit 1 : UARTS transmit interrupt enable bit 
Iss bit 0 : UARTS transmit enable bit 


7 0 

PTT | Pd ty Interrupt request register (address 00FC,,) 
bit 7 : UART1 receive interrupt request bit | 

eae Sa Gee bit 6 : UART2 receive interrupt request bit 
bit 5 : UART3 receive interrupt request bit 
bit 4 : IPCMO interrupt request bit 
bit 3 : Timer X interrupt request bit 
bit 2: UART1 transmit interrupt request bit 
bit 1 : UART2 transmit interrupt request bit 
bit 0 : UARTS transmit interrupt request bit 


7 0 
PP PT TT Ed Interrupt enable register (address OOFB;.¢) 


ee eee 
Ieee steel 
: bit 7: UART1 receive interrupt enable bit 
‘arma cee ea bit 6 : UART2 receive interrupt enable bit 
a ae bit 5 : UART3 receive interrupt enable bit 
Hes bit 4 : IPCMO interrupt enabie bit 
as 
| ies Pease 
et fal 





bit 3 - Timer X interrupt enable bit 
bit 2 : UART1 transmit interrupt enable bit 
bit 1 - UART2 transmit interrupt enable bit 


7 9 bit 0 - UARTS transmit interrupt enable bit 
PTT PE dd dg Timer control register (address OOFF,,) 
bit 7 : IPCMO interrupt enable bit 
bit 6 : Timer X interrupt enable bit 
7 0 
PT Ty pd ty Collision detect register (address OOFA;,) 
ee bit 7 : Collision interrupt request bit 
Ee e Rg Ss Se bit 6 : Collision interrupt enable bit 


Interrupt request -C | Interrupt disable flag | 


Reset 1 


Fig. 7 Interrupt control 
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TIMER 

The M37409M2-XXXSP has one timer: timer X. It has an 8- 
bit prescaler. Each timer or prescaler is structured with 8- 
bit counter. A block diagram of timer X is shown in Figure 
9. Timer or prescaler is a down-counter which is reloaded 


Timer contro! register (Address OOFF;.¢) 


from the latch when the next clock pulse after the timer Processor mode bit 
reaches zero. The division ratio is defined.as 1/(n+1) 00 : Single-chip mode 
where n is the decimal contents of the timer latch. The tim- 01. 

er interrupt request bit (bit 3 of the address OOFCi¢ of local 10> Nor Meee 


» i ee 
Timer X count control bit 


0 : Count timing ¢ divided by four 
1: Count stops 


_ address bus) is also set to “1” at this time. Timer counts the 

oscillation frequency divided by 16 when the bit 5 of timer 
control register is “0”, and stops when “1”. The structure of 
the timer control register is shown in Figure 8. 
When the STP instruction is excuted, or after reset, the pre- 
scaler and timer latch are set to FF,, and 014.6, respective- 
ly. Also, when the STP instruction is executed, the oscilla- 
tor’s frequency (divided by 16) will become the counting 
source. This state will be released when the timer X inter- 
rupt request bit is set to “1”, or after a reset. For more de- 
tails on the STP instruction, refer to the oscillation circuit 
section. 


Timer X interrupt enable bit 
0 : Interrupt disabie 
1: Interrupt enable 


IPCMO interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig. 8 Structure of timer control register 


Local bus 


Oscillator Divider | | 
7D 


Prescaler (8) Timer X (8) to timer X interrupt request bit 
FFig ae ae C | Reset 


STP instruction 


Timer X count control bit 
(bit 5 of address OOFF,.) 





Fig. 9 Timer X block diagram 
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UART 

The M37409M2-XXXSP contains three channels of UART’s 
(UARTi(i=1, 2, 3)). Functionally, they are all equal and can 
be separately operated. Each channel has three pins (TxDi 
(transmit output), RxDi(receive input), and CTSi (clear to 
send) and contains the receive (transmit) shift register, the 
‘receive (transmit) buffer register, the UARTi mode register, 
the UARTIi control register, the UARTi status register, and 
the baud rate generating divider. It also has a CLK pin (the 
input pin of the external clock for baud rate generation) 
which is shared by three channels. An interrupt can be 
generated on each channel at receive and transmit inde- 
pendently. Figure 10 shows the UARTi block diagram. Be- 
cause the differences between the channels are only pin 
numbers and internal addresses, the following description 
uses UART1 for reference. 





[Receive operation] 

Setting the receive enable bit (bit 2 of the UART1 control 
register) to “1” puts the system in the receive enable state. 
When there is no input of receive data, “H” is input to RxD, 
pin. When the falling edge is input to RxD, pin and “L” in- 
put is detected twice consecutively by sampling with the 
clock having a frequency 16 times the baud rate, the start 
bit is triggered. Then, sampling is performed three time in 
the middle of the start bit. When “L” is detected twice or 
more, the receive operation begins, capturing the data bits 
into the receive shift register. If “L” has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receiye shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART1 status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found “L”. If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. The receiver ready flag is 
reset when the receive buffer register is read. Each error 
flag can be reset by writing “1” to the error flag reset bit 
(bit 7 of the UART1 control register). Any of these errors 
does not affect the receive operation. The data bit, the par- 
ity bit, and the stop bit are sampled three times in the mid- 


‘ dle of them.each. When “L” or “H” is detected twice or 


more, “0” or “1” is determined respectively. 

Each time a receive operation has been completed, setting 
the receiver ready flag, the UART1 receive interrupt re- 
quest bit (bit 7 of the interrupt request register) is set. An 
interrupt is acknowledged when the two UART1 receive in- 
terrupt enable bits (bit 3 of the UART1 control register and 
bit 7 of the interrupt enable register) are both “1”, and the 
interrupt disable flag | is “0”. The-UART1 receive interrupt 
request bit is reset when a UART1 receive interrupt is ack- 
nowledged. 

Setting the receive enable bit (bit 2 of the UART1 control 
register) to “0” puts the system in the receive stopped 
state. At this time, the receiver ready flag is “0” (ready), 
the receive shift register is in the stopped state, and the 
start bit detection is stopped. 
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(Transmit operation) 

When the send data is written to the transmit buffer regis- 
ter, the start bit, parity bit, and stop bit are added to the 
data, which is transferred to the transmit shift register. The 
transmit shift register begins shift when it becomes enable 
for transmission, sending the serial data to TxD, pin. For 
the description of the transmit enable state, see Table 5. 

In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com- 
pleted, it is checked whether the next data has been writ- 
ten to the transmit buffer register. If the data is found writ- 
ten, transmission of the next data begins. If the data is 
found not written, TxD, pin is held at “H” until the next 
transmit data is written, setting the transmitter empty flag. 
When the transmit enable state is cleared during transmis- 
sion, the transmission is stopped after completing the trans- 
mission of the transmit data so far written to the transmit 
buffer register. 

When the transmitter ready flag (bit 0 of the UART1 status 
register) is “1”, it indicates that the transmit buffer is ready 


Local bus 


Receive buffer 


register 





for writing data. The immediately preceding data is trans- 
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD, pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART1 transmit interrupt request bit (bit 2 of the interrupt 
request register) is set. An interrupt is acknowledged when 
two UART1 transmit interrupt enable bits (bit 3 of the 
UART1 control register and bit 2 of the interrupt enable 
register) are both “1” and the interrupt disable flag 1 is “0”. 
Note that an interrupt occurs only in the transmit ready 
state. 

Bit 6 of the UART1 control register initializes the UART1 
transmit side. When this bit “0”, the transmit side is in the 
initial state. 


Table 5. Bit and pin states when transmission is enable 


TE, : UART1 transmit enable bit 
CTSE, <: CTS, pin function selection bit 
CTS, : CTS; pin input level 





Receive shift Start bit detection 
register circuit 


Receive control 
circuit 


baud rate 





UARTI mode register 


Transmit buffer 


register 


Fig. 10 UARTi block diagram 


baud rate 





CTSOi 


Transmit control C6 
circuit C) 


Transmit shift 
register 
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[UARTi divider for baud rate generator] 
This is an 8-bit programmable divider which generates the 
baud rate for the UARTi receive or transmit operation. 
When the setting value is Nar (0 to 255), the divide ratio 
becomes 1/(Nsa+1). There are three count sources; Xin 
clock divided by 2, Xi, clock divided by 32, and the exter- 
nal clock. Choose sources by bits 4 and 5 of the UARTI 
mode register. Table 6 shows the baud rate calculation for 
each bit combination. 

When the external clock is used, the frequency of the input 
clock must be below 1.6MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UARTI control register are both “0”. 


} 


Local bus 


8 





Table 6. Baud rate calculation 


f(Xin) 
baud rate (PS) =a Nonb1) 
f( Xin) 
baud rate (DPS) = E05 (Norhl) 
f(CLK) 
16(Ner+1) 
EXj : Clock selection bit for baud rate generator 
BRj _ : Divide ratio selection bit for baud rate generator 


8 


8 
Baud rate register | Baud rate counter i 


CLK CO 


ike Selection gate : Connected to black 


colored at reset 


Fig. 11 Baud rate generating circuit 


EXi 
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7 0 7 0 
Pel EPH] vawn not eoner  elanfolre| re] [rol] utr cot woe 


Parity enable bit 
0 : Parity disable 
1: Parity enable 
Parity select bit 
0 : Odd parity 
1 : Even parity 
Character length select bit 
0 : 7-bit 
1: 8-bit 
Stop bit length select bit 
0 : 1-stop bit 
1 : 2-stop bit 
Baud rate generating prescaler 
divide ratio select bit 
0 : Xn clock divided by 2 
1 2 Xiy clock divided by 32 
Baud rate generating 


synchronous clock select bit 
0 : Internal clock 


1: External clock 


CTSi pin I/O select bit 
0 : Input 
1: Output 


0 


7 


Transmitter ready flag 
0 : Transmit buffer full 


1: Transmit buffer empty 
Receiver ready flag 


0: Receive buffer empty 
1: Receive buffer full 
Transmitter empty flag 

0 : Exit data for transmit 
1: No data for transmit 
Parity error flag 

0 : No error 

1: Error 
Overrun error flag 

0 : No error 


1: Error 


Framing error flag 
0 = No error 
1: Error 
CTSi pin input level flag 
Os 
1: “H” 


Fig. 12 Structure of registers related to UARTi 





eee 


Transmit enable bit 

0 : Transmit disable 

1: Transmit enable 
Transmit interrupt enable bit 
0 : Interrupt disable 

1° Interrupt enable 
Receive enable bit 

0 : Receive disable 

1 : Receive enable 
Receive interrupt enable bit 
0 : Disable 

1 : Enable 


CTSI pin function select bit 
0: 1/0 port 
1: CTSi pin 

CTSi output data select bit 
0: “L” output 
1: “H” output 

Transmit side initialize bit 
0 : Initialize 
1 : Transmit enable 

Error flag reset selection bit 
0 : Reset disable 
1: Error flag reset 
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(CTSi_pin) 

The CTSi pin can be used as the 1-bit 1/O port when bit 4 
of the UARTIi control register (CTSEi) is “0”. In this case, 
the input/output direction can be determined by bit 7 of the 
UARTi mode register (CTSDi) and the output data can be 
set by bit 5 of, the UARTi contro! register (CTSOi). Addi- 
tionally, the input level can be known by bit 7 of the UARTi 
status register (CTSi). 


[UARTi mode register] 

@ Parity enable bit - PENI 
Setting this bit to “1” adds a parity bit to the transmit 
data. In a receive operation, this bit is used for parity 
evaluation. 

@ Parity select bit : EVNi 
This bit specifies the parity bit to be generated in a 
transmit operation and the parity bit to be evaluated ina 
receive operation. Depending on the content of this bit, 
the number of 1’s in data is made even or odd. 

@ Character length select bit > CHLi 
This bit specifies the character length of data. 

@® Stop bit length select bit : STi 
This bit specifies the stop bit length. 

@® Baud rate generating prescaler divide ratio select bit : 
BRi 
When this bit is “0”, the signal obtained by dividing Xin 
clock by 2 becomes the count source of the baud rate 
divider. When this bit is “1”, the signal is obtained by di- 
viding the clock by 32. 

@ Baud rate generating synchronous clock selection bit : 
EXi 
This bit specifies baud rate synchronous clock. When 
this bit is “1”, external clock is input from the CLK pin. 

@® CTSi pin I/O select bit - CTSDi 
When this bit is “0”, the CTSi pin is the input pin. 
When this bit is “1”, the pin is the, output pin. To use the 
CTSi pin as the CTSi input, set “0”. 








[UARTi control register) 

@® Transmit enable bit : TEi 
Setting this bit to “1” enables a transmit operation. 

@ Transmit interrupt enable bit : TIEi 
When this bit is “1”, the interrupt in a transmit operation 
is enabled. 

@ Receive enable bit : REi 
Setting this bit to “1” enables a receive operation. 

@ Receive interrupt enable bit : RIEi 
When this bit is “1”, the interrupt in a receive operation 
is enabled. 

@® CTSi pin function select bit - CTSEi 
When this bit is “1”, the CTSi pin becomes the CTSi 
input. 





® CTSi output data select bit : CTSOi 
When this bit is “0”, “L” is output. When it is “1”, “H” is 
output. 

@ Transmit side initialize bit > MRi 
When this bit is “0”, the transmit side is initialized. 

@ Error flag reset select bit : ERSTi 
Setting this bit to “1” resets all error flags. When this bit 
is read, “0” is always read. 


[UARTi status register] 

@® Transmitter ready flag : TxRDYi 
When this flag is “1”, it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

@ Receiver ready flag : RxRDYi 
When this flag is “1”, it indicates that the receive buffer 
register is holding receive data. When the receive buf- 
fer register is read, it is cleared. 

@® Transmitter empty flag - TEMPi 
When this flag is “1”, it indicates that neither the trans- 
mit shift register nor the transmit buffer register holds 
the data to be transmitted. 

@ Parity error flag : PEi 
This bit is set to “1” when the parity of the received 
data is different from the parity which was set. 

@ Overrun error flag > ORi 
When this flag is “1”, it indicates that, before the data in 
the receive buffer register is read, the next data is 
transferred from the receive shift register to the receive 
buffer register and the previous data is lost. 

@ Framing error flag : FEi 
This flag is set to “1” when the stop bit is found “L” 
when data is transferred from the receive shift register 
to the receive buffer register. 

@ CTSi pin input level flag : CTSi 
When the input level of the CTSi pin is “L”, “0” is read; 
when it is “H”, “1” is read. 
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RESET CIRCUIT 

The M37409M2-XXXSP is reset according to the sequence 
shown in Figure 14. It starts the program from the address 
formed by using the content of address 1FFF,, as the high 
order address and the content of the address 1FFE,. as the 
low order address, when the RESET pin is held at “L” level 
for more than 2s while the power voltage is in the recom- 


Power on 
M37409M2- 
XXXSP 


RESET Voc 


M37409M2- 
XXXSP 


RESET Voc Supply voltage 


of ae detection circuit 





Fig. 13 Example of reset circuit 


SYNC 


Address 


¢ 


mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 15 
and 16. 

An example of the reset circuit is shown in Figure 13. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of Xin-Xout becomes stable. 


C2 XTX 2X 2X2 EEK IFFE Ron 107 
Data CO XK? MK? MK 2K 2 KAM ADH) 


8~12 clock cycles 


Reset address from the vector table 


Note 1: Frequency relation of f(Xiny) and gis f(Xpw) =4e¢ 
2: The mark “?” means that the address is changeable depending on the previous state 


Fig.14 Timing diagram at reset 
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Local bus address 





Port P1 directional register (Ety6)°* 


Dual-port RAM direction specify register (E2,6)°°° 


UART1 status register (E516) °° X x] 0] 0, 0 
UART1 mode register (E516) O|X!| 01010 


- 
UART1 control register (E616)°° 0016 


—4 


UART2 status register (EQ6)°°-|X |X} 0 | 0;0}1 | 0 


1 
UART2 mode register (E916) -/o|x}o] 0] 0/0] 0! 0 
UART2 control register (EAye) “| 0016 


UARTS status register (EDig)* x|x| 0/0/0/1 | 0| 1 | 


o)x/0/ 0/90/00 


UARTS control register (EE,6)"*: 0016 



































UART3 mode register (EDi6)°° 














IPC error register 0 (F416):-° 0016 








IPC error register 1 (F516)°"° 00:6 








IPC error register 2 (F616) "°° 0016 








IPC error register 3 (F716)°" 0016 








IPC semaphore register (F916): 0016 











Collision detect register (FAie) * 0016 








Interrupt enable register (FBig) °° 0016 














| 
r 
Interrupt request register (FCi6)*: [ 0016 


Prescaler X (FDig) + FFig 








Timer X (FEie)** 0116 


Timer control register (FFi6) fo] o|o|x)x D alo 


Access flag (CO~D7i6) °° 0016 


—l 
Processor status register (ps)--| | a fi Li | i 


Program counter (PC,,)-:|Contents of address 1FFF 1, 






































(PC, )---|Contents of address 1FFE1. 





Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, it ts necessary to set initial values 


System bus address 





Port PO directional register (F716) °° 0016 








IPC error register 0 (F816)°°° 0016 








IPC error register 1 (E916) - 0016 








IPC error register 2 ~  (FAyg): 0016 








IPC error register 3 (FBi6)*° 0016 


Collision detect register (FEy6) °° 0016 





4 








IPC semaphore register (FFig) 0016 








Access flag (CO~ D716): 0046 











L 





Since the contents of both registers other than those listed above and 
the RAM are undefined at reset, it is necessary to set initial values 


Fig.16 Internal state of microcomputer at reset (2) 





VO PORTS 


(1) 


Port PO System bus : address F646. 
Port PO is an 8-bit 1/O port with CMOS output. It can 
be accessed from system bus only and can not be 
accessed from local bus. 
As shown in the memory map (Figure 1), port PO can 
be accessed at system bus address F6,.. Port PO has a 
directional register (address F7;,) which can be used 
to program each individual bit as input (“0”) or as out- 
put (“1”). If the pins are programmed as output, the 
output data is latched to the port register and then out- 
put. When data is read from the output port the output 
pin level is not read, only the latched data in the port 
register is read. This allows a previously output value to 
be read correctly even though the output voltage level 
is shifted up or down. Pins set as input are in the float- 
ing state and the signal levels can thus be read. When 
data is written into the input port, the data is latched 
only to the port latch and the pin still remains in the 
floating state. This port becomes input at reset. 
Port P1 Local bus: address 00E0,.¢ 
System bus : address F5i. 
Port P1 is an 8-bit |/O port and connected to local bus. 
It has the same function as port PO except the con- 
nected bus. 
It’s directional register is at local bus address 00E14,. 
Also port P1 can be read from system bus but the pin 
state is read regardless the value of the port P1 direc- 
tional register. 
Address pins 
Address pins Ayg~ A; are the input pins directly con- 
nected to the system bus. The 8-bit address corres- 
ponding to the system bus is input to these pins. The 
input level is TTL. 
Data pins 
Data pins Do ~ D7 are the output pins directly con- 
nected to the system bus. The 8-bit data corresponding 
to the system bus is input/output on these pins. When 
the CS pin is “L” and the RD pin is “L”, the data pins 
become the output pins. When the CS pin is “L” and 
the WR pin is “L”, the data pins become the input pins. 
Setting the CS pin to “H” puts pins Dy~D; in the float- 
ing state. The I/O level is TTL. 
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System bus cl 





Fig. 17 Port PO, P1 block diagram 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
18. 
When the STP instruction is executed, the oscillation of in- 
ternal clock ¢ is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FFig and 
0116, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF,,¢) must be set to 
“0” before executing STP instruction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19 and 20. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock uasge is shown in Figure 21. 
Xin is the input, and Xoyr is open. 


Interrupt request 


Interrupt disable flag | 


WIT instruction4R R 


STP instruction 


O hyper 1/8 | _ | 
Prescaler X Timer X 
O} 


Timer X converter stop bit 


Xin Xout 


Fig. 18 Block diagram of ciock generating circuit 








M37409M2-XXXSP 


Xout 


Fig. 19 External ceramic resonator circuit 


M37409M2-XXXSP 





Fig. 20 External ceramic resonator circuit 
(capacity built-in type) 


M37409M2-XXXSP 
Xin 


External oscillating circuit 





Fig. 21 External clock input circuit 


Reset 
tc KC 


STP instruction 


ee: Internal clock¢é 


Overflow 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. ; 

(3) Change the address Ag ~ A7 input and the CS input 
when both the RD input and WR input are “H”. 

(4) Registers whose values change when read, are con- 
nected to the system bus of the M37409M2-XXXSP. If 
the master CPU generates an invalid read cycle, data 
is not correctly transferred. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) After the ADC and SBC instructions afe executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(7) The STP instruction must be executed after setting tim- 
er X count enable bit to enable “QO”, timer X interrupt 
enable bit to inhibit (“0”), and timer X interrupt request 
bit to no request (“0”). 

(8) The power current is max. 10mA in DC. However, be- 
cause a rush current and a bus charge-discharge cur- 
rent flow transiently, a bypass capacitor must be con- 
nected between Vss and Vcc. | 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) '=1@) \V, ie [| ¢; occ nnn EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 
Parameter 


V 
V Input voltage, RESET, Xin 
V 


Input voltage, POg~PO7, P19~P17, Do~D7, Ao~Az, 
RD, WR, CS, CLK, RyxD;~RxDs3, With respect to Veg 
CTS;~CTS3 Output transistors cut-off 


cc 
| 
! 
V; + Input voltage, CNVss 
Vo 


Output voltage, POp~P07, P19~P17, Xour, ¢, Do~D7, 
TxD,~T Ds, CTS;~CTS3 
Power dissipation 


Operating temperature 
Storage temperature 


Note 1 : 300mW for QFP types. 





RECOMMENDED OPERATING CONDITIONS (vcc = 5v+10%, Ta = —10~70°C, unless otherwise noted) 


_ Symbol Parameter 


Voc Supply voltage 
Supply voltage 
“H” input voltage Xin, RESET, CLK, PQo~~P0;, 
Vins P19~P17, RxD;~RxD3, CTS;~CTSs 
“H” input voltage Ag~A7, Do~D7, RD, WR, CS 


“L” input voltage PO0g~P07, Plo~P17, CLK, 
RyD,;~R D3, CTS;~CTSs3 


“L” input voltage Ag~Az7, Do~D7, RD, WR, CS 











“L” output current Do~D7 


Note 1 : The average output current lo.(avg) and lon(avg) are the average value of a period of 100ms 
2 : Total of lo.(peak), of ports PO, Pl, TxD; ~T,Dz and CTS,;~CTS3 is —50mA 
Total of loun(peak): of ports PO, Pl, TxD ;~T,D3 and CTS,;~CTS3 is 50mA 
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ELECTRICAL CHARACTERISTICS (Vec = 5V, Vss = OV, Ta = 25C, unless otherwise noted) 


Parameter Test conditions 


“H” output voltage POg~P07, Plo~P17, ¢, TxD1~TxDs, 
CTSi~CTS3 

“H” output voltage Do~ D7 

“L” output voltage POg~ P07, P1qg~P17, ¢, TxD: ~TxDs, 
CTS:~CTS3 


lo =10mA 





LE 


Tri-state leak current POg~P07, P1o~P17, 
Do~ Dy, CTS:~CTS3 


faye OMHz 


Square wave 


Supply current 


Output terminals 
are opened, 
others to Vss, 
CS=Vec 


ditto 

(wait mode) 
At stop mode 
Ta = 25°C 











At stop mode 
Ta — 70°C 
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TIMING REQUIREMENTS 


System DUS (Vcc=5V+10%, Vss=0V, Ta=—10~70T, f( Xin) =5~10MHz, unless otherwise noted) 


tsu(a—wr) | Ao~A7 cs input set-up time 







Limits 
Typ 





tsu(a—rp) | Ao~Az CS input set-up time 

tsu(o—wr) | Do~D7 input set-up time 

thcrp—a) | Ao~Az CS input hold time 

ee 
twiRD) 








Fig. 22 


NO} ho 
oO;o ol) on 
O!;|o oO;O 





Local DbuS (Vcc=5V+10%, Vss=0V, Ta=—10~70C, f(Xin) =5~10MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


tsu(pi—¢)| Plo~P17 input set-up time . 
; Fig. 22 
thcg—p1) | Plo~P17 input hold time 


SWITCHING CHARACTERISTICS 


System DUS (Vcc=5V+10%, Vss=0V, Ta=—10~70, f(Xiy)=5~10MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


td(p—rpb) | Do~D7 output delay time | ons 
Do~D7 output effective time | ons | 
v(D—RD) o~ U7 p : Fig. 22 
Do~D7 output enable time | ons | 
tdis(RD—pb) | Do~D7 output disable time | ons 








Local DUS (Vcc=5V+10%, Vss=0V, Ta=—10~70T, f(Xin)=5~10MHz, unless otherwise noted) 


Limits | 
Symbol Parameter Test conditions himits 


Pio~P17 output delay time Fig. 22 


300 





Fig. 22 Port PO, P1, Do~D7, test circuit 
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TIMING DIAGRAMS 


System bus write cycle 


twiwr”) 
tsu(a-wr) 
thcwr,-a) 
tsu(p-wr) thiwr-p) 
System bus read cycle 
Twirp) 
" ae 
tsu(a-RD) 
[ ~ 






td(p-RD) tdis(RD-b) 


a 
i 


ten(rv-p) 


: 


Y = 


TH 
ANNAN 
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Local bus 


_ tdis-P1) 
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DESCRIPTION 

The M37410M3HXXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
|/O addresses are placed on the same memory map to en- SEG,9/IN, + 10 
able easy programming. 

This microcomputer is also suitable for applications which 


PIN CONFIGURATION (TOP VIEW) 


accordingly. P52/CNT> + [id] 


require controlling LCDs. & 
The differences among the M37410M3HXXXFP, the card 
M37410M4HXXXFP and the M37410M6HXXXFP are noted Pe PWM S 
below. The following explanations apply to the M37410M3H P5./PWM1 [Ii se 
XXXFP. Specification variations for other chips are noted Be aia cs ro 


P5)/INT; + Lig 
P37/Sroy 
P3g/CLK ++ }18] 
P35/Sour [19] 

P34/Sin bas 





M37410M3HXXXFP 6144 bytes 
M3741 OM4HXXXFP 









FEATURES 
@ Number of basic instructions: ::::++-1++1++srerterrre teeter 69 
@ Memory size | Outline 80P6S 
RON eruaetar es: 6144 bytes (M37410M3HXXXFP) 
8192 bytes (M37410M4HXXXFP) 
12288 bytes (M37410M6HXXXFP) 
PAM sssesseincntede eee ase 192 bytes (M37410M3HXXXFP) 
256 bytes (M37410M4HXXXFP, @ LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 
M37410M6HXXXFP) SEGMENE OULPUt sete reer eee ree tee eet ee eee eee ee ete eees 94 
® Instruction execution time (minimum instructions) COMMON OUtPUt *sss eet e etter etre eee teeter eet e teeter eee ees 4 
at high-speed MOC srr r ret et teeter eet e eee e eee e eee e teens Tus @ Two clock generating circuits 
at low-speed MOdE rrr r terre ttt 4us (One is for main clock, the other is for clock function) 
@ Single power supply 
f( Xn) =8MHz a big wath albea eases Wee! glec 9 eea-oie ota aeae hdl PaO aie BO 45~5.5V APPLICATION 
f( Xi) =2MHz iicibariaecicdad ee wa ten a radeltan eee eae cons 25~5.5V Audio-visual equipment, 
@® Power dissipation Remote control, \ 
normal operation mode (at 8MHz frequency ) Camera 


i Sraehee syne evade eet ee thes 30mMW (Voc=5V, Typ.) 
low-speed operation mode (at 32kHz frequency for 
clock function) ciawvwea se toserewaueess 54uw (Vec=3V, Typ.) 


@ RAM retention voltage (stop mode) 

iiceaeRa ss MAGNA ehMac aRREN ON bona eevee ee 2.0VSVram<5.5V 
@ Subroutine nesting cree 96levels (Max.) 
@ Interrupts::cccccceeeeeee cere ete e teeters 10types, 5vectors 
@ 8-bit timers 4 (3 when used as serial I/O) 
@ 16-bit timer -:---- 1 (Two 8-bit timers make one set) 
@® Programmable |/O ports 

(Ports PO, P41, P2, P3, P5) haeactae vag Peirsol ecilaiein ae ubatew ees 40 
e Input port (Port P4) Latbia Webra st aleve Urals Wyelaluad was Seatevesals eu Nau,oiatace nie, e aeiee sarees 4 
@ Serial |/O (8-bit) joRlasgld- at t's\ erate bebeate’s Viset ata ielefeie diutedinte-yy da aialnsipladieeie sins 1 
@ A-D converter: ccc tte teeter eeees sohtiald 8-bit, 8channel 
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M37410M3HXXXFP BLOCK DIAGRAM Reference 
Clock input Clock output Interrupt input Reset input voltage input \/O port P5 
Xin = Xour INT; RESET Vcc Vss  AVss_ Vrer CNVsg pai 4 aa 
: re 3 -©—— - —8 —_© —_-@_ - _—_—_-@__ - —___- - ____—- -- ga ONRD. 
af Aci 
ri 












Clock || 


Processor 
status 

register 
PS(8) 

















generating 
circuit 


nstructio 
register 










Program | Program 
counter } counter 


Stack 
pointer 
S(8) 












=i 
Ure 





Instructio 
decoder 


Le 


i 


T5(8) Control signal 















Index 
register 
x(8) 


Index 
register 
Y(8) 


| a aes 
if oe ee = ae 
aes ae 
Vs 

S | S1/0(8) | 
aot 

Xcout 

| : a 


I Sata —— Poe) 





Accumulator 
A(8) 












192 bytes 


LCD data memory 


LCD | LCD controller/drver 





——— aceremen emcee een Sr : i [ le 
dates nsh ts & tf i Sereriese eS a oe 8 ss 
626364— — CEI Les k L badd, ded SS badddac eS eS come = bbb = eee 
ee ——_—_—__ 
Segment output(24) SEG Common {Pouce supply I/O port P3 ; “1/0 port Pt port P1 “VO port PO port PO 
SEG output forLCD 
COM 


Note 1 : 8192 bytes for M37410M4HXXXFP and 12288 bytes for M3741 0M6HXXXFP 
, 2 - 256 bytes for M37410M4HXXXFP and M37410M6HXXXFP 


diAXXXHPWOTPLEW d3aXXXHEWOTPLEW 


YSALNdMUWODOUDIW SOW) LISS dIHD-ATINIS 
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FUNCTIONS OF M37410M3HXXXFP 


Number of basic instructions 


Instruction execution time 1s (minimum instructions, at 8MHz frequency) 


Clock frequency 8MHz (at Vog=5V+10%) 


6144bytes 
M37410M3HXXXFP 
RAM 192bytes 
ROM 8192bytes 
M37410M4HXXXFP 
Memory size RAM 256bytes 
12288bytes 
M37410M6HXXXFP 
RAM 256bytes 
RAM for display LCD 12bytes 


PAs input 4-bitX1 (port P4 are in common with SEG) 


8-bitX1 

8-bit timerX4 

16-bit tmerX1 (combination of two 8-bit timers) 
1/2, 1/3 bias selectable 
1/2, 1/3, 1/4 duty selectable 






Functions 













































Input/Output port 


Serial I/O 


Timers 












Duty ratio 






LCD controller/driver 
Common output 


Segment output 
Subroutine nesting 
pment P-Damerrupl key on Wake Up sone;soiware interrupt 


Clock generating circuit Two built-in circuits (ceramic or quartz crystal oscillator ) 
Operating temperature range —20~75C 










24 (SEG12~SEGo3 are in common with port P4 and analog input pins IN7~INo) 
96 (max) 


Three external interrupts, three timer interrupts, serial 1/O interrupt, 
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PIN DESCRIPTION 































Pin Functions 

Vcc; Supply voltage Power supply inputs 5V+10% to Vcc, and OV to Vgs 

Vss 

CNVss CNVss This ts connect to Vss 

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 16s (under normal Voc 
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 

Xin Clock input Input These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 

— external ceramic or a quartz crystal oscillator is connected between the Xiy and Xourt pins. If an external 

Xout Clock output Output clock is used, the clock source should be connected the Xn pin and the Xoyr pin should be left open 

INT, Interrupt input input This is the highest order interrupt input pin 

AVss Voltage input for A-D This is GND tnput pin for the A-D converter 

Vrer Reference voltage This 1s reference voltage input pin for the A-D converter 


input 


ere meee 


PO 9~PO7 | |/O port PO Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 


input or output At reset, this port is set to input mode The output structure is CMOS output 


$ 


ini irre +. a 



















P1o~~P17 | I/O port P1 1/0 Port P1 1s an 8-bit 1/O port and has basically the same functions as port PO, but the output structure 1s N-ch 
open drain 
ee eens : aa ae 
P2 97-P2; | 1/O port P2 1/0 Port P2 1s an 8-bit 1/O port and has basically the same functions as port PO and also works as the key on 
wake up function with mask option 
eee eel: eee) a cata I oe eS 








1/0 Port P3 is an 8-bii I/O port and has basically the same functions as port P1 When serial I/O is used, P37, 
P35, P35, and P34 work as Srapy, CLK, Sout, and Sin pins, respectively Also P33, P32, P31, and P39 work as 
timer 4 overflow signal divided by 2 output pin (T), INT2 pin, Xciw and Xcour pins, respectively 


1/O port P3 










SEG2/P43 | Segment output Output SEG j2~SEGis5 work as input port P4 and also used by 2-bit unit as LCD segment output 
§ /input port P4 
SEG 5/P4o 


Input 





1/0 Port P5 1s an 8-bit 1/O port and has basically the same function as P1 P5o, P5;, P52 and P53 are in common 
with INT3, timer3 input, timer5 input and A-D trigger input respectively P5,~~P57 are also in common with 
PWM0~PWM3 : 











Input These are voltage input pins for LCD Supply voltage as OVSViiSVieSVisSVcc 0~VisV Is supplied to 
LCD. 


Output These are LCD common output pins At 1/2 duty, COM2 and COMsz pins are not used At 1/3 duty, COMs Is 


Vii~Vig | Voltage input for LCD 





COMo~ Common output 





COM3 not used 
SEGo~ Segment output Output | These are LCD segment output pins 
SEG 
SEGi¢/IN7 | Segment output 1/0 SEGig~SEGo23 work as analog input pins IN7~~INo 
§ /Analog input SEGie~SEGig are used by 2-bit unit and SEG2o~SEGa3 by 4-bit unit 


) 


SEGo3/INo 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37410 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 
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MEMORY ¢ Interrupt Vector Area 


* Special Function Register (SFR) Area The interrupt vector area is for storing Jump aie 
The special function register (SFR) area contains the reg-  20dresses used at reset or when an interrupt Is generated. 


isters relating to functions such as I/O ports and timers. * Zero Page 

¢ RAM Zero page addressing mode is useful because it enables 
RAM is used for data storage as well as a stack area. access to this area with fewer instruction cycles. 

*ROM . ¢ Special Page 


ROM is used for storing user programs as well as the inter- Special page adgress|n8 mode is usetul Pecauee it en- 
rupt vector area. ables access to this area with fewer instruction cycles. 





RAM 0000. 
(192 bytes) 
OOBFi¢ 


RAM for LCD 
(12 bytes) { 
OOEO 
(64 bytes) 


Zero page 





M37410M4H 
XXXFP 013F 16 
M37410M6H 
XXXFP 
_ ie 
ROM 
(12288 bytes) ROM ae 
for 
XXXFP for (6144 bytes) 
M37410M4H for Special page for 
XXXFP M37410M3H subroutine call 
XXXFP 3FF446 


Interrupt vector area 


3FFFi6 





Fig. 1 Memory map 
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P2 Key on wake up register 


LCD mode register 


Serial 1/O mode register 


Serial !/O register 


Timer 5 latch 


Interrupt control register 





Timer control register 





Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPT 
The M37410M3HXXXFP can be interrupted from ten sources; 
INT,, Timer 2 or Serial 1/O, INT3 or Key on wake up, INT» 
or Timer 3, Timer 6 or A-D, and BRK instruction. 
“Key on wake up” can only be used at power down state by 
STP instruction or WIT instruction. When one of the P2 or 
P7 is “L”, an interrupt occurs. 
These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, and the interrupt 
disable flag (I) is set, and the program jumps to the 
address specified by the interrupt vector, and the interrupt 
request bit is cleared automatically. The reset interrupt is 
the highest priority interrupt and can never be inhibited. Ex- 
cept for the reset interrupt, all interrupts are inhibited when 
the interrupt disable flag is set to “1”. All of the other inter- 
rupts can further be controlled individually via the interrupt 
control register shown in Figure 3. An interrupt is accepted 
when the interrupt enable bit and the interrupt request bit 
are both “1” and the interrupt disable flag is “O”. 
The interrupt request bits are set when the following condi- 
tions occur: 
(1) When/the INT, INT. or INTs pins go from “H” to “L” or 
“L” to “H” 
(2) When the levels any pin of P2 or P7 goes “L” (at power 
down mode) 
(3) When the contents of timer 2, timer 3, timer 6 or the 
counter of serial I/O goes “0” 
These request bits can be clear by a program but can not 
be set. The interrupt enable bit can be set and clear by a 
program. 
When the two interrupt requests, which are the same prior- 
ity and are at the same sampling, the priority process is 
processed by interrupt request distinguish register 1 and 2. 
The interrupt request distinguish bit is used by software to 
determine priority when two interrupt causes are allocated 
to the same interrupt vector(that is, the two interrupts have 
the same priority). 
Irrespective of whether the interrupt is disabled or enabled, 
the interrupt request distinguish bit is automatically set to 
“1” when conditions arise that satisfy the interrupt cause. 
However, the interrupt request distinguish bit is not auto- 
matically cleared. The bit must therefore be cleared by 
software in the interrupt service routine (before executing 
an RTI instruction). 
Note that when using the instruction CLB to clear this bit, 
the request distinguish bit of an interrupt that is generated 
during execution of CLB will not be set(to “1”). Use one of 
the following two methods to clear interrupt request disting- 
uish bits: 





@ Use instruction LDM to write directly to address OOEBi, 
(interrupt request distinguish register 1) or OOFO;, 
(interrupt request distinguish register 2). 


LDM #$nn, $zz 
, Where zz is the address(00EB,, or 0OF0,,) of the interrupt request 


; distinguish register that includes the interrupt request distinguish 
; bit that is to be cleared and nn sets the interrupt request disting- 
; ulsh bit to be cleared to “O” and other interrupt request distinguish 
; bits to “1”. 
, Other contro! bits must be set according to the required control 
, (interrupts enabled or disabled) 
[Example] Clearing the INT2 interrupt request distinguish bit 
LDM 1X1X0X1XB, $00EB 
ee ae ae 
Of the interrupt request distinguish bits,only the INT, interrupt re- 
quest distinguish bit, which is to be cleared, should be set to “0” 
The values of bits marked “X” are determined by the control 


being effected 





@ Use instructions LDA, ORA, AND, and STA to write via 
the accumulator to address OOEB;, (interrupt request 
distinguish register 1) or OOF0,,¢(interrupt request disting- 
uish register 2). 


LDA $zz 

ORA #$nn 

AND #$nn 

STA $2zz 
, Where zz is the address(00EB,, or 0OF0,,) of the interrupt request 
, distinguish register that includes the interrupt request distinguish 
, bit that is to be cleared and nn sets the interrupt request disting- 
; uish bit to be cleared to “0” and other interrupt request distinguish 
; bits to “1” Other control bits must be set according to the required 
: control (interrupts enabled or disabied) 
[Example] Clearing the timer 6 interrupt request distinguish bit 

LDA $00FO 

ORA XX1X1X0XB 

t ft f 
Of the interrupt request distinguish bits, only the interrupt request 
distinguish bit for timer 6, which is to be cleared, shoud be set to 


“0” The values of bits marked “x” are detemined by the control 


being effected 
$44 

AND XX1X1X0XB 

STA $00FO 


Because an interrupt request is generated only at the time 
the interrupt request distinguish bit is set(to “1”), no inter- 
rupt will be generated while the interrupt request disting- 
uish bit remains in the set state. For this reason, the inter- 
rupt request distinguish bit must be cleared by software in 
the interrupt service routine. 
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Since the BRK instruction interrupt and the timer 6 or A-D, 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if timer 6 or A-D generated 
the interrupt. 


Table 1. Interrupt vector address and priority 


RESET SFFFig, 3SFFEi6 Non-maskable 
INT, interrupt 


SFFDi6, SFFCis External interrupt. 
Serial |/O or timer 2 interrupt 


2 

3 SFFBie, SFFAi6 
INT3 or key on wake up interrupt 4 SFF9i6, SFF8i6 
INT. or timer 3 interrupt 


5 SFF716, SFF6ic 
Timer 6 or A-D interrupt 
(BRK instruction interrupt) 






























































SFF5.¢, 3FF4 
ai ae (Non-maskable software interrupt) 


interrupt request distinguish register 1 (O0EB,, address) 
Bit 7 : Serial 1/O interrupt request distinguish bit 
Bit 6 : Serial 1/O interrupt enable bit 
Bit5 : Timer 2 interrupt request distinguish bit 
Bit 4 : Timer 2 interrupt enable bit 
Bit 3 : INT. interrupt request distinguish bit 
Bit 2 : INT. interrupt enable bit 
Bit 1 ° Timer 3 interrupt request distinguish bit 


Key on wake up register BitO : Timer 3 interrupt enable bit 
(OOEE,, address) 


LTT TT Interrupt request distinguish register 2 (OOF0,, address) 
| Bit 5 : INT; interrupt request distinguish bit 
Bit 4 : INT3 interrupt enable bit 
Bit3 : A-D interrupt request distinguish bit 
Bit 2 : A-D interrupt enable bit 
Bit 1 : Timer 6 interrupt request distinguish bit 
BitO : Timer 6 interrupt enable bit 


7 0 
Pt TE TTL EL Interrupt control register (OOFE;, address) 
Bit 7 : INT; interrupt request bit 
Bit6 : INT, interrupt enable bit 
Bit5 : INTs or key on wake up interrupt request bit 
Bit 4 : INT; or key on wake up interrupt enable bit 
Bit 3 : INT. or timer 3 interrupt request bit 
Bit 2 : INT. or timer 3 interrupt enable bit 
Bit1 : Timer 6 or A-D interrupt request bit 
Bit 0 : Timer 6 or A-D interrupt enable bit 


Timer control register (OOFF,¢. Address) 
Bit 7 : Serial 1/O or timer 2 interrupt request bit 
Bit 6 : Serial 1/O or timer 2 interrupt enable bit 


Interrupt request | Interrupt disable flag | 





Fig. 3 Interrupt control 
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TIMER 

The M37410M3HXXXFP has six timers; timer 1, timer 2, 
timer 3, timer 4, timer 5 and timer 6. 

A block diagram of timer1 through 6 is shown in Figure 4. 

- The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 
OOFF,,¢), as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
“0” and the next count pulse is input to a timer, the con- 
tents of the reload latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n-+1), where n is the contents 
of timer latch. 

Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting- 
uish register 1 or 2 (located at addresses OOEB, and 
OOF0,, respectively) is set at the next count pulse after the 
timer reaches “0” (see interrupt section). 

The starting and stopping of timer1 is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in- 
terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (O0F8,, address). If the correspond- 
ing bit is “O”. the timer starts counting, and the correspond- 
ing bit is “1”, the timer stops. The timer4 overflow signal di- 
vided by 2 can be outputed from port P33 by setting the bit 
4 of the serial YO mode register (OOF6,, address) to “1”. 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 

(1) Timer Mode 

This mode is the 16-bit timer, and the count source is ¢/4. 
When the bit 6 of PWM control register (O0F3,,_ address) is 
“1”, the timer6 overflow singnal divided by 2 is output from 
CNT>2 pin (common with P52). 

(2) Event Counter Mode 

The count source is input from the CNT» pin. The count de- 
cremented each time the input goes from “L” to “H”. 

(3) PWM Mode 

As shown in Figure 7, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 


PWM output can choose among PWMO, PWM1, PWM2 and. 


PWM3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg- 
ister. 

When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 

When the count source is inputed from the external pin, the 
minimum pluse width should be 8us. 

After a STP instruction is executed, timer 2, timer 1, and the 
clock (¢divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
“1”, or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt request distinguish register2 


(timer1 count stop bit), bit 5 of the interrupt request dis- 


tinguish register1, and bit 6 and bit 7 of the timer control 


register must be set to “0” (prohibition). And also-bit 4 of 
the interrupt request distinguish register! must be set to 
“1”. For more details on the STP instruction, refer to the 
oscillation circuit section. 
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Data bus 


LCDCK 


8 
Xoin OC) =o 
on Timer 1 latch (8) 
Overflow flag WCs 
Xn © Timer | (8) — 


Select gate : at reset, shaded side is connected 
eo 


IF1 : Interrupt request distinguish register 1 Timer 2 interrupt request bit 
IF2 : Interrupt request distinguish register 2 IF 1. 

TC : Timer control register 

CM : Timer 4, 5, 6 mode register 

WC : PWM control register 


SM : Serial |/O mode register Timer 3 interrupt request bit 
P5,/CNT, IF 1, 


P8¢/Scix D<—— 
5 , oor I/O interrupt request bit 
a 7 


SM, SM. SM 
P35/Sour N 


P34/Sin SM 
3 


P3,/Sroy 4 


Overflow flag CM, 


Timer 6 interrupt request bit 


P5,/PWMO IF2, 
P5./PWM1 
P5,./PWM2 


P5;/PWM3 





Fig. 4 Block diagram of timer 1 through 6 
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7 0 
Timer contro! register 
PEL TT LT | Jesters ore 
a Processor mode bit 
00 : Single-chip mode 
01 : Not used 


10 : Not used 
11 : Not used 


Timer 1 count source selection bit 
0: d?divided by 4 
1 : Clock for clock function (Xen) 


— Timer 2 count source selection bit 
0 : Timer 1 overflow 
1 : Clock for clock function (Xcin) 


Timer 3 count source selection bit 
00 : ¢divided by 4 
01 : Timer 2 overflow 
10 : CNT, input 
Serial 1/O or timer 2 interrupt enable bit 
0 : Interrupt inhibit 
1: Interrupt enable 


Serial !/O or timer 2 interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig. 5 Structure of timer control register 


7 0 
See eieae Timer 4,5,6 mode register 
(Address 00F8,,) 
INT, input polarity selection bit 
0 : Interrupt request by falling edge 
1 : Interrupt request by rising edge 
INT» input polarity selection bit 
0 : Interrupt request by falling edge 
1 : Interrupt request by rising edge 
INT3 input polarity selection bit 
0 : Interrupt request by falling edge 
1 : Interrupt request by rising edge 
Timer 4 count stop bit 
0 : Count start 
1 = Count stop 
Timer 4 overflow bit 
0 : No timer 4 overflow 


1: With timer 4 overfiow 
Timer 5,6 mode bit 


00 : Timer mode 
01 : Event counter mode 
10 : Pulse width measurement mode (count source ¢/4) 


11 : Pulse width measurement mode (count source 1s overflow of timer 4) 
Timer 5,6 count stop bit 


0 : Count start 
1: Count stop 





Fig. 6 Structure of timer 4,5,6 mode register 
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PWM 
M37410M3HXXXFP has a pulse width modulated (PWM) 
output control circuit connecting with timer5 and timer6. 


PWM 


wave form timer 6) timer 5 
timer 5+timer 6 


Fig. 7 PWM rectangular wave form 





oe Se 





Figure 6 shows the structure of timer 4,5,6 mode register, 
Figure 7 shows the PWM rectangular wave form and Figure 
8 shows the structure of PWM control register. 


: 0 
eke PWM control register 


(O0F3,, address) 


P5,/PWM0O selection bit 
0: P5,4 
1 > PWMO 
P5;/PWM1 selection bit 
0: P55 
1° PWM1 
P5-/PWM2 selection bit 
0: P5, 
1 > PWM2 
P57/PWM3 selection bit 
0: P57 
1 > PWM3 
P5.2/SIG selection bit 
0: P5, 
1: SIG 
— Timer 1 overflow flag 


P5./CNT> selection bit 
0: P5, 
1: CNT. 


Fig. 8 Sturcture of PWM control register 
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SERIAL W/O 

The block diagram of serial |/O is shown in Figure 9. In the 
serial 1/O mode the receive ready signal (Sapy), synchro- 
nous input/output clock (CLK). and the serial I/O (Sour, 
Sin) pins are used as P3,, P3., P35, and P3,, respectively. 
The serial 1/O mode register (address O0F6,,) is an 8-bit 
register. Bit 1 and 0 of this register is used to select a syn- 
chronous clock source. When these bits are (00) or (01), 
an external clock from P3, is selected. When these bits are 
(10), the overflow signal divided by two from timer -3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 





Divider 


Internal 
clock #¢ 


(11), the internal clock ¢ divided by 4 becomes the clock. 
Bits 2 and 3 decide whether parts of P3 will be used as a 
serial 1/O or not. When bit 2 is “1”, P38, becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3g.. If the exter- 
nal synchronous clock is selected, the clock is input to P3g. 
And P3s will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3,, to “0”. For more information 
on the directional register, refer to the I/O pin section. 

To use the serial |/O, bit 2 needs to be set to “1”, if it is “O” 
P3, will function as a normal I/O. Bit 3 determines if P37 is 


From internal clock 
divided by 4 or 


O— 


Serial 1/O counter (3) 


Transfer clock 


timer 2 or CNT, input 


Timer 3 (8) 
(Address 00FB,.) 


Interrupt request 
distinguish register 1 


Interrupt request 
distinguish register 1 


MSB Serial I/O register (8) LSB 


(Address 00F7,¢) 1] 


Data bus 


CET TT TTT insite 


Fig.9 Block diagram of serial I/O 





Synchronous clock selection bit 


0: 
01: External clock 
10 : Timer 3 overflow signal divided by 2 
11: Timing ¢ divided by 4 


Serial |/O port selection bit (P35, P3,) 
0: Normal I/O port 
1: Serial 1/O port 


Srpy signal output selection bit (P3,) 
0 : Normal |/O port 
1: Srpy signal output pin 
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used as an output pin for the receive data ready signal (bit 
3=“1", Sapy) or used as a nomal I/O pin (bit 3=“0”). 

The function of serial |/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock — The Sppy signal becomes “H” during 
transmission or while dummy data is stored in the serial !/O 
register. After the falling edge of write signal, the Sapy sig- 
nal becomes low signaling that the M37410M3HXXXFP is 
ready to receive the external serial data. The Srpy signal 
goes “H” at the next falling edge of the transfer clock. The 
serial |/O counter is set to 7 when data is stored in the se- 
rial |/O register. At each falling edge of the transfer clock, 
serial data is output to P35. During the rising edge of this 
clock, data can be input from P3, and the data in the serial 
I/O register will be shifted 1 bit. Data is output starting with 














the LSB. After the transfer clock has counted 8 times, the 
serial |1/O register will be empty and the transfer clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 

External Clock — If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external ciock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. When the external clock is chosen, the 
P3,. pin must be held at “H” level while the serial |/O is not 
used. 

Timing diagrams are shown in Figure 10, and connection 
between two M37410M3HXXXFP’s are shown in Figure 11. 


eee ee ee LL aL Ee 


Transfer clock 


Serial 1/O register write 
signal 

Serial |/O output 

Sout 

Serial 1/O input 

Sin 

Receivable signal 


Srpy 





Fig. 10 Serial 1/O timing 


’ 


Interrupt request bit set 
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Sending side Receiving side 


Serial |/O mode register Serial |/O mode register 


P37 " 
bit 3 bit 0 bit 3 bit 0 


of ys fol BOE 


Set the directional ; Set the directional 
: . Synchronous clock ; 
register for P37 pin register for P3, pin 


in input mode. in input mode. 


Serial data 





Fig. 11 Example of serial 1/O connection 


(OOF6,, address) 


: 0 
RRRGR RAR 


Synchronous clock selection bit 
00: 
01: | External clock 


10 : Timer 3 overflow signal divided by 2 
11: Timing ¢ divided by 4 


Serial 1/O port selection bit (P35, P3,) 
0 : Normal I/O port 
1: Serial 1/O port 
Savy signal output selection bit (P3,) 
0 : Normal I/O port 
1: Sapy Signal output pin 
T/P3, selection bit 
0 > Normal I/O port 
Let : 
Xcin. Xcout/P3o, P3, selection bit 
0 : Normal I/O port 
1: Xcin, Xcour 
Unsystem clock operation bit 
0 > HALT 
1 : Operation 
INT, input level 


Note : We say the unsystem clock, which is not chosen as the system clock of Xjw-Xour Or Xcin-Xcout 





Fig. 12 Structure of serial |1/O mode register 
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LCD CONTROLLER/DRIVER 

The M37410M3HXXXFP has internal LCD controllers and 
drivers. A Block Diagram of LCD circuit is shown in Figure 
15. The terminals for LCD consist of 4 common-pin and 24 
segment-pin. SEG,;2.~ SEG, are in common with input P4. 
Also SEGig~™~SEGo3 are in common with INo~IN7.These are 
selected by bit 3~7 of the LCD segment control register 
(00F4,, address). Two biases (1/2 and1/3) can also be 
selected. When bit 2 of the LCD mode register is “1”, 1/2 
bias is selected. When bit 2 is “0”, 1/3 bias is selected. 
1/2,1/3, or 1/4 duty cycle can also be selected. When bits 
O and 1 of the LCD mode register (LMo, LM,) is n, the duty 
ratio is 1/(n-+1). 

Address 00C0;, ~ 00CB,, is the designated RAM for the 
LCD display. When 1s’ are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 
gure 13. 


Address 
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oi 


NRO fm | op 
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>I/OlOIN aS 
8 
oO 


re 
re 
ete 
14 
ne 


N 
Ww 
N 
Ww 
N 
Ww 
N 
8 
N 
8 
iw) 
8 


* Number in data memory area indicates corresponding segment 





Fig. 13 Map of RAM for LCD segment 


The ON/OFF function for the LCD controller is controlled 

by bit 3 of the LCD mode register (LM3). When this bit is 

“1” all the segments of the LCD are turned on. When this 

bit is “O” all the segments are turned off. 

The structure of the LCD mode register is shown in Figure 

14. 

When a 1/2 bias is used, Vi, and V,. should be shorted 

together. An example circuit for each bias is shown in Fi- 

gure 16. Also Figure 17 shows an example of 1/2 bias, 1/4 

duty drive waveforms and resulting voltage differential be- 

tween SEGn and COMn and Figure 18 shows examples of 

drive waveforms for each bias and duty. 

The LCDCK timing frequency (LCD driver timing) is 

generated internally and the frame frequency can be deter- 

mined with the following equation: 

(frequency of timer 1 count source) 
((timer 1 setting+1) x4) 

f(LCDCK) 
n 


f(LCDCK)= 


Frame frequency= ; at 1/n duty 





7 ; 0 
Be do ee LCD mode register (LM) 
| (00F5,, address) 


Duty ratio selection bit 
01 : 1/2 duty 

10 : 1/3 duty 

11 : 1/4 duty 








Bias selection bit 
0: 1/3 bias 
1: 1/2 bias 

LCD turn on bit 
0: Off 
1: On 

Xourt/SYNC selection bit 
0: Xour 
1: SYNC 

System clock ¢ selection bit 

00 : Xin /16 

01 : Xin/4 ° 
10  Xow/2 (back to Xi/16) 
11 = Xow/2 (back to Xin/4) 

External A-D start enable bit 
0 : Inhibit 

1: Enable 


















Fig. 14 Structure of LCD mode register 
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Contrast Contrast 
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R 
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Fig. 16 Example of circuit at 1/3 bias, 1/2 bias 


LCDCK timing of 
internal logic 


Voltage level 
Pin output level Vis(=Viep) 


COM) 


Voitage diffrential 
(SEGn)—(COMo) 


(SEGn)—(COM,) 





Fig. 17 Example of 1/2 bias, 1/4 duty waveforms and resulting voltage differential between SEGn and COMn. 


¢ MITSUBISHI 2—119 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37410M3HXXXFP,M37410M4HXXXFP 
: M37410M6HXXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





Display pattern 1/2 bias 1/3 bias 





LCDCK timing 


Connection of internal logic 


Off Off 


<_—_—> 
Off 


128(32 segments <4 commons) 


(16 digits max. in the above panel) 


SEGp 


COMs3 : No connection 


96(32 segmentsX3 commons) 


(10 digits max in the above panel) 


COMz2, COM; : No connection 


64(32 segments X 2 commons) 


(8 digits max in the above panel) 





Fig. 18 Example of drive waveforms for each bias and duty 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 20. The analog 
input ports of the A-D converter (INj~IN7) are in common 
with the segment output ports. 

The segment control register is located at address 00F44.. 
One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. The IN pins, not to use as analog input, 
uses as LCD segment output. 

Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 19. A-D conversion is accomplished by first 
selecting bit 0 and 1 of the A-D control register (address 
OOF2,¢) for the source of Vref. And also the analog input 
pin is chosen by the analog input select bit of the segment 
control register. A-D conversion starts by writing a dummy 
data to the A-D register (address 00EF,,¢) or changing the 
input level from SIG pin “H” to “L”. When A-D conversion is 
finished, an interrupt is generated. After A-D interrupt is 
accepted, the result of A-D conversion can be read from 
the A-D register. 

Note that the A-D conversion must be started to convert, af- 
ter the reference voltage reaches stable level. 


Data bus 


Segment control register 


(O0F4,, address) 


Comparator, 


<= 
Oo 
~ 
= 
” 
D> 
£ 
As] 
Cc 
is] 
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o 
o 
= 
3 
€ 
s 
c. 
c 
© 
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id 
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circuit 


(00F4,, address) 


7 0 : 
TTT TT TTT Jscoret const est 


Analog input selection bit 
000 : INg 100 : IN, 
001 : IN, 101: INs 
010: IN, 110° INg 
011° IN3 111° IN, 
SEGo3~ SEGo20/INo~INg selection bit 
0° INo~INg 
1: SEGo3~SEGao 


SEGi9, SEGi8/INg, INs selection bit 
0° INg, INg 
1: SEGi9, SEGig 


SEGiz7, SEG,¢/INe, IN, selection bit 
0° INg, IN7 
| ‘ SEGi7, SEGi¢ 


SEGi3, SEG 12/P4o, P4, selection bit 
0: P4o, P43 
1 ; SEGi3, SEGy2 


SEGis, SEG,4/P4o, P4, selection bit 
0° P4o, P4, 
1° SEGis5, SEGy4 


Fig. 19 Structure of segment contro! register 


A-D interrupt request bit 


A-D control 


A-D control register 
(O0F2,, address) 
Vrer Input selection 
0 : Off 
1°: On 


Successive 
approximation 
register 
(A-D Register) 


Vrer SOurce selection bit 
0 > Vrer pin 
1 2 Voc 


(OOEF,, address) 


Switch tree 


Ladder resistor 





Fig. 20 A-D converter circuit 


: 
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KEY ON WAKE UP 

“Key on wake up” is one way of returning from a power 
down state caused by the STP or WIT instruction. 

When the key on wake up option of port P2 is designated 
and key on wake up interrupt enable bit (IC,) is set to “1”, 
if the key on wake up option pin of port P2 has “L” level 
applied, key on wake up interrupt is generated and the 
microcomputer is returned to the normal operating state. 
When the bit 4 of PWM control register (address 00F3,.) is 
set to “1”, the pulse shown in Figure 21 is outputed from 
P53 pin. 


Timer 1 and Timer 2 count 


P5,/SIG pin 


i i 


Key on wake up input 


Stand-by release 


Fig. 21 





As shown in Figure 22, if the key matrix of active “L” to in- 
put port P2 is constructed, the microcomputer is returned to 
normal operating state by the key push. Refer to the sec- 
tion of interrupt how to use the key on wake up function. In 
order to enter the power down state generated by the STP 
or WIT instruction at the interrupt disable flag (|) is “O” and 
IC, is “1”, the input designated as key on wake up by op- 
tion in port P2 must be ail “H”. 


Output from the SIG pin at wake up from the stop state 
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FELT ELELE Key on wake up register 


(OOEE,. address) 


‘See Interrupt control register 
Port P27 
=“ register 
P2, 
as ee 








| 
| 
| Option 
| 
| | 
| | 

| 
| | 
| 
| | 

ak i , ; Port P2 data 
P2, irectional register staan 
7 | 
Option 
Port P25 
P2, directional register 
Praia 
Option 
Port PX x 
“L” level output 
Note : Pull-up transistor (mask option) 
Fig. 22 Block diagram of port P2, and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37410M3HXXXFP is reset according to the sequence 
shown in Figure 25. It starts the program from the address 
formed by using the content of address 3FFFig as the high 
order address and the content of the address 3FFE,. as the 
low order address, when the RESET pin is held at “L” level 
for no less than 16 zs while the power voltage is between 
4 and 5.5V and the crystal oscillator oscillation is stable and 


Address 





Port PO directional register (DO) (E146) 








Port P1 directional register (D1) (E3;.) 








Port P2 directional register (D2) (E5,.6) 








Port P3 directional register (D3) (E9,6) 








Port P5 directional register (D5) (ED,,) 








Interrupt request distinguish  (IF1) (EBy,) 
register 1 
Interrupt request distinguish 
register 2 


PWM control register 








(IF2) (FO,¢9) 








(WC) (F3;6) 











Segment control register (SC) (F44¢) 








LCD mode register (LM) (F516) 








Serial |/O mode register (SM) (F6,.5) 























Timer 4, 5,6 mode register (CM) (F8,¢) 0016 








Interrupt contro! register (IM) (FE,6) | 0016 








(TC) (FFs) 0016 


ERED 
SSESnee 


Timer control register 








A-D control register (AC) (F246) 











Processor status register 








t 
(PCy) Contens of address 


Program counter 














Contens of address 
(PC.) 3FFE16 





Since the contents of both registers other than those listed 
above (including timers and the serial |/O register) and the 
RAM are undefined at reset, it is necessary to set initial 
values 





Fig. 23. Internal state of microcomputer at reset 





then returned to “H” level. 

The internal initializations following reset are as shown in 
Figure 23 regardless of the status before reset (including 
stop mode or wait mode). 

An example of the reset circuit is shown in Figure 24. 
When the power on reset is used, the RESET pin must be 
input “H” after the oscillation of Xiy-Xoyr becomes stable. 


M37410M3HXXXFP 


Fig. 24 Example of reset circuit 
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Magnifying diagram 


RESET 


Internal RESET 


SYNC 


hacress ED GD.CO, TS hci, Ca, oD 
Reset address from 
Ga C2? X 2? XPCuX POX PSX AD. X ADs ) eiyert 


32~48 clock cycles 


Note 1: Frequency relation of f(Xiy) and ¢1s f(Xiy) =16- ¢ 
2: The mark “?” means that the address is change- 
able depending upon the previous state. 





Fig. 25 Timing diagram at reset 
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(1) 





3—-126 


Port PO 

Port PO is an 8-bit 1/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address QOE0;,. Port ‘PO's directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
00E1,,) can be programmed as input with “0”, or as 
output with “1”. When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. This port can be 
built in a pull-up resistor option when it is used as a in- 
put port. 

Port P14 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option when it is used as a input port. 
Port P2 

Port P2 has the same function as PO. The output struc- 
ture is CMOS output. Following the execution of STP or 
WIT instruction, key matrix with port P2 can be used to 
generate the interrupt to bring the microcomputer back 
in its normal state. The pin to be used as the key on 
wake up must be with key on wake up option and its 
value in directional register must be “0”. When P2 is 
used as a output port, pull-up option is inhibited. 

Port P3 

Port P3 has the same functions PO except that part of 
P3 is common with the serial I/O, output of timer4, 
clock oscillation of timer clock and interrupt input. 

The output is N-channel open drain. This port can be 
built in a pull-up resistor option. When P39 and P3, pins 
are used for Xciy input, pull-up is inhibited. 

Port P4 

Port P4 is an 4-bit input port which can be used as a 
segment output port. At reset, this port is pull-up to Vi3. 
Just after the reset, this port becomes high-impedance 
state. When port P4 is used as a segment output port, 
the pull-up option to these pins are inhibits. 

Port P5 

Port P5 has the same functions as PO except that part 
of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. This port can be built in a pull-up resistor 
option. 


(7) 


(8) 


Segment output( SEG >~SEG,) 

These ports drive and control the LCD segments. At 
reset, these output the level of V,3. 

Analog input( INo~IN7) 

This is a port for an analog input of A-D converter. This 
can be used as the segment output. At reset, it is pull- 
up to V.3. Just after the reset, this becomes high- 
impedance state. 

Common output(COMp~COMs3) 

These port provides output drive and control for the 
LCD common lines. At reset, this outputs the level of 
Vi3- 

Power Supply for LCD(V,,~V.3) 

Supplies power to the LCD terminals. 

INT, 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 of address OOFE,,¢) is set to “1” 
when the input level of this pin changes from “H” to “L” 
(or “L” to ”H”). This input level is read in the bit 7 of 
serial 1/O mode register (addresss O0F6,,). 
INT2(P32/INT>) © 

The INT> pin is an interrupt input pin common with P32. 
When P3,’s directional register is set for input (“0”), 
this pin can be used as an interrupt input. The INT2 in-- 
terrupt request bit (bit 3 of address OOEB,,) is auto- 
matically set to “1” when the input.level of this pin 
changes from “H” to “L” (or from “L” to “H”). 
INT3(P59/INT3) 

The INT3 pin is an interrupt input pin common with P5o. 
The other functions are the same as INT». 
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V V 
Port PO 5° 
in (mask option) 
Data bus Bas 
CMOS output 
Voc 
Port P1 
Tr2(mask option) 
laerres | 
ean 
Data bus Port Latch Pour 
TY] 
< 
Tr2 is pull-up transistor at input (mask option) 
Port P2 













mask option 


oa ¥ 
(ae 
7 Port Latch : 
Pd] 

< 


Interrupt control circuit 
Tr3 is pull-up transistor (mask option) 


Tr3 





Port P2 
CMOS output 


Data bus 











Voc 


i a 
Vss 


mask option 


Port P3,, P59~ P53 


Data bus Port P3,, P59~P5z3 


N-ch open drain 


Internal circuit 
Tr4 is pull-up transistor (mask option) 


Fig. 26 Block diagram of ports PO~P2, P3, and P59~P5, 
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Port P3o, P3.~P3,, 
P54~ P57 


oO Trd 


Port P3o, P32~ P37, 
P5,4~ P5, 


Internal circuit 
Tr5 is pull-up transistor (mask option) 
Port P4(SEG,s5~SEG12) 


V3 


Tr6 ani 
RESET = mask option 


Port P4(SEG,3;~SEG)>) 


SC6 (SEG12, SEG;3), 
SC7 (SEG4, SEG45) 
Tr6 is only conducted at RESET=“L” 


Tr7 is pull -up transistor (mask option) 





Fig. 27 Block diagram of Port P35, P82~P3,7, P4, P54~ P57 


Analog input IN (SEG23~SEGi6) 
V3 


V 
A-D converter circuit aa Analog input IN 


(SEGo3~SEG 
Tv 23 16) 


Tr8 is only couducted at RESET=“L” 


Data bus 


Interrupt contro! circuit 


—__—___—<t 0 __ 





Fig. 28 Block diagram of analog input port IN, INT, RESET 
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CLOCK GENERATING CIRCUIT 

The M37410M3HXXXFP has two internal clock generators. 
Figure 31 shows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin Xj, 
divided by four is used as the internal clock (timing output) 
¢. Serial |/O mode register bit 5 can be used to switch the 
internal clock ¢to 1/2 the frequency applied to the clock 
input pin Xo. In this case, the pull-up option to these pins 
are inhibited. 

These signals can also be changed via bit5 (LMs) and bit6 
(LMg.) of the LCD mode register. When LM, and LMsz are 
[00], the internal clock is chosen X,y/16. When they are 
[01] , the internal clock is chosen X,,\/4. When they are 
[10] and [11], the internal clock is Xciy/2. The one of 
clock Xj, and clock Xqp, isn’t in use for the internal clock 
(none system clock), stops when the bit6 (SMg) of serial I/ 
O mode register is “OQ”. In order to restart the clock as the 
internal clock, SMg is set to “1” and wait until the oscillation 
becomes stability by the software then the internal clock is 
chosen LMg and LMsg. 

Figure 29 shows a circuit exmple using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which is unique 
for each oscillator. when using an external clock signal, in- 
put from the Xiy(Xcin) pin and leave the Xour(Xcour) pin 
open. A circuit example is shown in Figure 30. 

The M37410M3HXXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both Xj clock and Xcgy clock) stops with the internal 
clock ¢held at “H” level. In this case timer 1 and timer 2 
are forcibly connected and ¢/4 is selected as timer 1 input. 
When restarting oscillation, set the suitable value for timer 
1 and timer 2 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 1 count stop 
bit must be set to supply (“0”), timer 2 interrupt enable bit 
(IF1,) of interrupt request distinguish register 1 must be 
set to enable (“1”), timer 2 interrupt request bit (IF1,;) of 
interrupt request distinguish register must be set to disable 
(“0”). And serial 1/O or timer 2 interrupt enable bit (TMg) 
and serial !/O or timer 2 interrupt request bit (TM7) of tim- 
er control register must be set to disable (“0”). 

Oscillation is restarted (reset stop mode) when INT;, INT», 
or INT3 interrupt is received. The interrupt enable bit of the 
interrupt used to reset the stop mode must be set to “1”. 
When restarting oscillation with an interrupt, the internal 
clock ¢is held “H” until timer 2 overflows and is not sup- 
plied to the CPU. When oscillation is restarted by reset, “L” 
level must be applied to the RESET pin until the oscillation 
stabilizes because no wait time is generated. 

The microcomputer enters a wait mode when WIT instruc- 
tion is executed. The internal clock ¢ stops at “H” level, but 
the oscillator does not stop. ¢is re-supplied (wait mode 
reset) when the processor is reset or when it receives an 








interrupt. Instructions can be executed immediately be- 
cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 
“1” before executing the WIT instruction. 

When the interrupt is accepted and after the interrupt sub- 
routine is executed, the next instruction to STP or WIT is 
executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 

Transition of states for the system clock is shown in Figure 
32. The change order of the internal clock is shown in Fi- 
gure 32. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 


M37410M3HXXXFP 


Xout XcIn 





Fig. 29 External ceramic resonator circuit 


M37410M3HXXXFP 


Xin Xout Xcin. Xcout 


29 23 24 


External Open 
oscillating 


External Open 


oscillating 
circuit circuit or 
external pulses 


Vss V 


ss 


Fig. 30 External clock input circuit 
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JO . 


Unsystem clock cimer 


count source 
operation SM, selection TM. 
Internal system 


clock source Timing ¢ 
selection LMs, LMe (internal Clock) 


S Q 
Reset 
STP WIT R STP instruction 


instruc instruction 
-tion 


Gal Reset 
Interrupt 


p—— disable INT, interrupt enable 
a flag | INT, interrupt request 


C | Serial I/O or timer2 interrupt enable 
Serial 1/O or timer2 interrupt request 


INT3 or key on wake up interrupt enable 
INTs or key on wake up interrupt request 
INT2 or timer3 interrupt enable 
INT» or timer3 interrupt request 


Timer6 or A-D interrupt enable 
Timer6 or A-D interrupt request 





Fig. 31 Block diagram of clock generating circuit 
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WIT 


C WIT 
instruction clea fe pnstructionfemHz oscillation 


8MHz oscillation High-speed mode 

















LMs=="1"-+“0” 





































































8MHz 32kHz stop 
pies oscillation ¢ =stop 
Timers, LMs="0"-*"1" 32kHz stop Timers, 
i ¢=2MHz II action 
Eep echo Interrupt ; Interrupt 2 
STP instruction STP instruction 
) 
Interrupt Interrupt 
8MHz stop 
SMs="“0"7 “1” SMs="1"->"0” 32°kHz stop SMs=“0"->“1” SMs5="1"—“0” 
SM.s=“0"-"1” SM.=“1"-+“0” $ dice SM,="0"->'""1” SM,="1"-+“0” 
Interrupt Interrupt 
STP instruction STP instruction 
WIT WIT | 
8MHz stop insttuctoay ; Url aur th 8MHz oscillation 
32kHz oscillation LMe="1"—"0” SME Ose mation 32kHz oscillation 
$=stop : 32kHz oscillation ¢=stop 
y Timers 
Timers “ony TP wi i 
LMs=“0"-"1 
LCD action interrupt : interrupt LCD action 





finstruction 


8MHz oscillation 









8MHz oscillation 
32kHz oscillation 








8MHz stop 





¢ stop 32kHz oscillation 32kHz stop 
Timers, $= 16kHz | ¢ stop 
LCD action Jinterrupt 4) interrupt 
! 
SM.=“0""1" SM6= "1-0" 
WIT STP 


Clock mode 


8MHz stop 
32kHz oscillation 


32kHz stop 


¢@ stop 
Timer, LCD 


sto 
action é P 


g= 16kKHz 





Interrupt Interrupt 


The case of example clock X;y=8MHz, clock Xoijw=32kHz 

Note : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing system clock This time Is set by program 
When SMe=1 and unsystem clock is operated, wait time necessary by program until oscillation becomes stable 
Return to the normal mode once in case changed to the low-speed-mode from the normal mode 


Also return to the high-speed mode once in case changed to the low-speed mode from the high-speed mode 


Fig. 32 Transition of states for the system clock 
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PROGRAMMING NOTES 


(1) 
(2) 


(4) 


(5) 


(6) 


(7) 


The frequency ratio of the timer is 1/(n+1). 

The count value of timers 1, 2, 3, 4 can be read at an 
arbitrary timing when the timing ¢ divided by 4 or timer 
overflow is input to these timers. If Xcoiy or CNT, input 
is input to these timers, the value of timer 1, 2, 3, 4 
must be read only when the input of timers is not 
changing or the timer count is stopped. 

Also the count value of timers 5, 6 which are used in 
the event counter mode must be read when the exter- 
nal input is at the “L” level. When timers 5, 6 are used 
in the timer mode, the count value of these timers’ can- 
not be read. 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those insructions are only valid for the 
contents before the modification. Also, at least one in- 
sturction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(@ After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD in- 
structions are executed. 

@ In decimal mode, the negative (N), overflow (V) and 
zero (Z) flags are invalidated. 

A NOP instruction must be used after the exection of a 
PLP instruction. 

@ The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in- 
struction. 

Also the following conditions must be satisfied: 

¢ Timer 1 count stop bit is set to “0” 

¢ Timer 2 interrupt enable bit is set to “1” 

¢ Timer 2 interrupt request bit is set to “O” 

* Serial 1/O or timer 2 interrupt enable bit is set to “0” 
* Serial 1/O or timer 2 interrupt request bit is set to “O” 

@ To restart oscillation when it is stopped by STP in- 
struction or unsystem clock operation bit, wait for a 
specified time which is needed for the oscillator to 
stabilize. 

Some instructions can be used to write contents of the 
interrupt request distinguish register 1, 2. If the SEB or 
CLB instruction or a set of instruction that acts as the 
SEB or CLB instruction (for instance, LDA TC-+SEB 7, A 
+STA TC) is used, an interrupt request which is input 
during execution of these instructions may be cleared. 
Therefore, these instructions should be used only when 
there is no problem even if such an interrupt request is 
cleared. Usually, the LDM instruction or STA instruction 
is used. Especially to write contents of the interrupt re- 
quest distinguish register 1, 2, use the flow chart as 
shown in Figure 33. 





’ 


Register push 


Interrupt process 
Clear IF2. 


Register pop 





Fig. 33 Flow to write interrupt request distinguish 


registers 


When LCD trun-on bit (bit 3 of address O0F5,¢) of the 
LCD mode register is “1”, don’t stop the timers or count 
source for timers. 

After switching the serial I/O transfer clock, initialize 
the serial 1/O counter (write to address 00F7;.). 

To use an external clock as the serial I/O transfer 
clock, initialize the serial 1/O counter when the external 
clock is “H” level. 

To use the P3, and P3, pins as the I/O pins of the 
clock for clock function, do not use the pull-up resistors 
by option. 

lf using A-D converter, supply power to the Vrper pin 
(set bits 1 and 2 of address 00F2,,), and make sure 
that the voltage of the Vrer pin has stabilized before 
activating the A-D conversion. 
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DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) = T@) Vie F-\ (; Reece EPROM B8sets 
Write the following option on the mask ROM confirmation 
form 


¢ Port PO pull-up transistor bit 
¢ Port P1 pull-up transistor bit 
¢ Port P2 pull-up transistor bit 
¢ Port P3 pull-up transistor bit 
¢ Port P4 pull-up transistor bit 
¢ Port P5 pull-up transistor bit 
¢« Port P2 key on wake up 
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ABSOLUTE MAXIMUM RATINGS 


Vir<Vi2< Vis 
Input voltage PO g~P0;7, P29~P27, P39, P31, 
P4g~P43, INo~IN7, Vere, Xin 





Input voltage CNVsg 
Input voltage INT,;, RESET, P19~P17, 


P32~P37, P5g~P57 (Note 1) 
Output voltage POg~P07, P29~P27, P39, P31, 
COMp~COMs, SEGo~SEGzs, Xour. 
Output voltage P19~P17, P32~P3z, P5y~P57 
Power dissipation 











| Operating temperature 














Storage temperature 


Note 1 : When these ports are built in a pull-up resistor option, the value is —0.3~Voco+0. 3V 


RECOMMENDED OPERATING CONDITIONS (Vcc=2.5~5.5V, Vss=0V, Ta=—20~75, unless otherwise noted) 


Symbol Parameter Conditions 





| (Xin) = 8 MHz High-speed mode’ 
Voc Supply voltage (Note 1 ) (Xin) = 8 MHz Normal mode or 
f(Xin) = 2 MHz High-speed mode (Note 2 ) 





Supply voltage 
“H” input voltage PQ 9~P07, P39, P31, P49~P43, 
Xin, CNVsg (Note 3 ) 
“H” input voltage P29~P27 
“H” input voltage Pl9~P17, P5;~P57, Sin 
“H” input voltage P3.2~P37, P59, INT;, INTo, INT3, 
CNT;, CNTo2, SIG, CLK 
“H” input voltage RESET, Xcin 
“L” input voltage PQ 9~P07, P1p~P17, P3,, P3;, 
P4o~ P43, P5,~ P57, Sin 
“L” input voltage P29~P27, P32~P37, P5o, INT}, 
INTs, INT3, CNT;, CNT2, SIG, CLK 
| “L.” input voltage RESET, Xin, XcIN 
{| “H” output current POp~P07, P2>~P2z, Xour (Note 4 ) 
“L.” output current PQ 9~P07, P29 ~P27, P389~P37 
P59~P57, Xour, PWMO~PWM3, 
T, Sour, CLK, Sarpy, SIG (Note 5 ) 










































































“L” output current P1p~P17 (Noteé ) 




















f(Xin) Clock oscillating frequency 
f(Xcin) Clock oscillating frequency for clock function 


Note 1 : When only maintaining the RAM data, minimum value of Vcc is 2V 
2 : We say the high-speed mode, when the system clock is chosen Xy/4, and the low-speed mode, when the system clock 1s chosen Xjy/16. 
When P39, 1s used as Xon, Vin and Vi. of P3, is 0.85VecSVinS=Voc and OSV,_S0 15Vec 
The total lou(peak) of port PO, P2 and Xour Is less than 35mA 
The total lon(peak) Of port PO, P2, P3 and P65 Is less than 32mA 
The total peak current of Io, of port P1 is less than 80mA and the average current of total Io, of port P1 1s less than 40mA 


moh ®w 
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ELECTRICAL CHARACTERICS (vss=0V, Ta=—20~75°, unless otherwise noted) 


Voc=5V, lon=—0. 5mA 
“H” output voltage POg~P07, P29~P27 
Voc=3V, lon=—0. 3mA 


Tae ars ImA 


“L” output voitage POg~P07, P29 ~P27, P39~P3z, Voc=5V, lop =1mA 
P59~ P5,, T, Sour; CLK, 














Limits 
Unit 


“H” output voltage Xout 


Sroy, SIG, PWMO~PWM3 Voec=3V, lo-=0. 5mA 








Voc=5V, lol =20mA 
Voc=3V, loL= 10mA 


Voc=5V, lo_=0. 3mA 
“L” output voltage Xour 
Voc=3V, lo. ==0. ImA 
y , Hysteresis INT,, INTo, INTs, CLK, CNTj, Vec™=5V 
ey re CNT2, SIG, Sin, P20~P27,Xcin Voo=3V 
—— Vec=5V 
Vr+—Vr— | Hysteresis RESET 
Voc=3V 





“L” output voltage Pio~P17 


N NO 
a as 
oO 
> |O O;O 
wi? s je 
Oyo NO] RO] R 


l = 
o1 — | Ol; PR 

















406 










g 
> 




















F voa—Ve | V Hysteresis X Voor =v 
—Vy_ eresi 
T+ T y IN Veo=3V 
“H” input current {Pig~P17, P89~P37, P5g~P5z| without pull-up Ty, 
INT1, INTa, INTs, CNT}, 
Pull-up Tr, POp~P07, P1o~P17, P2o~P2r, Voc=5V, Vi=0V EE SH ka 


“L” input current |POg~PO07, Plo~P17, P29~P27, P39~P3z, Voc=5V V;=0V 
P49~P43, P5p~P5z| without pull-up Ty, (Note 1), 
INo~INz, INT;, RESET, Xin Vec=3V Vi=0V —3 

ae CNTz, SIG, RESET, Sin, CLK 

Pe Po~PSr, Plg~Pds, PB ~PS; Voo=3V, Vi=OV ee 

Vis=Voc/3 Voc=5V 200 

Output impedance COMp~COM3 Plcaage oe gy IT 
PR Output impedance SEGo~SEGo3 


“H” input current POp~P07, P29~P27, P30, P31, Vec=5V_ Vi=5V PUB 

P4y~P4z, INo~INz, Xin, Xone CNVss | Vgo=3V_ i= 3V a Sa a 
at operation 

Note 1 : Also the same when each port is used as INT2, INT3, CNT,, CNT», SIG, Sjy and Xcin, respectively 




















Veer Vec=3v Cid ae 
Othercom,sEG |Voomov  —ss| | 2 | 


pins are opened 





Veo=sv TT 
f(Xin) =8MHz High-speed mode Voc=5V —= 
f(Xin) =8MHz Normal mode Vcoc=3V 


a eS 
eo eee 
f(Xcin)=32kHz, Vec=3V ee ee es 
f(Xin)=8MHz Normal mode Voc=3V ee > ieee 
bree fy es Ne 2 
ae eee 


uA | 

mA | 

f(Xcin) =32KHz, Voc=3V ak | 
LA 

ewe 


mA 


Supply current 








at wait mode 











at stop mode Tg=25C 0 


| 2 | | 





ul 


RAM retention voltage 
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A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss= 0V, Ta=25C, f(Xin)= 8 MHz, unless otherwise noted) 


Symbol Parameter Test conditions Unit 
ax 


Typ 
| | Resoution 
Voco= Vrer=5. 12V 
Non-linearity error cc™™~ VREF 
Voc= Vacr=3. 072V 
Voc™=Vrer=). 12V 
Differential non-linearity cc"~ VREF 
Voc™=Vrer=3: 072V 
Voc™=Vrer=). 12V 
Zero transition error 
Voc™=Vrer=3: 072V 














AG 


+ 
NO 


It+| I+ 
oo 
nm|olo 


LSB 








Voc=Vrer=5. 12V 
Voo=Varer=3. 072V | 
a 
Voc™=2.5~5. 5V Normal mode 800/f 
Vrer=OV 
Vrer=3V 
Vin=0~Vec 


Vest Full-scale transition error 


Vot 
Tec 
Reference input current 










x< 

= 
—j}h 
on} or 


gr! 3 k r. 


= 

2 

Zz 
we 


Conversion time 














Analog port input current 


Analog input voltage Vec=2. 5~5. 5V AVss 
Reference input voltage 


> 





< 
fe) 
0 


Les 

on 
o;— 
-|a!o 





Voc 
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DESCRIPTION 

The M37412M4-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 
72-pin plastic molded QFP. 

This single-chip microcomputer is useful for household ap- 
pliance and other consumer applications. 

In addition to its simple instruction set, the ROM, RAM, and 
|/O addresses are placed on the same memory map to en- 
able easy programming. 


PIN CONFIGURATION (TOP VIEW) 


FEATURES M37412M4-XXXFP 
e@ Number of basic instructions EERE OO eo 69 
@ Memory size ROM eb Wea 8B 6 10568 0501.68. e BLe ee lelalars ee Stee scale are 81 92 bytes 
RAM a COA CO EO es 160 bytes 
@ Instruction execution time © 


eeseeee 2us (minimum instruction, at 4MHz frequency) 





@ Single power supply scree eee 5V+10% LoPeR7 HS ho prop ifi2| 159 16]{1 7918 19920) 
eo Denice dissination ee ae ae ae a ae 
patio yO TO NK OK Arey b 2a 
normal operation mode (at 4MHz frequency) ---: 15mW Z Z < Z < q Z < a hie Bee Zz a 
@ Subroutine nesting sr 80 levels (Max. ) hehe pen SB oe et 
@ Interrupts: creer eee 7 types, 5 vectors Q. 
@ B-bit timercssscecece ree rete eee eet e nett nett nena eter teen een ee ee 4 Outline 72P6 
@ Programmable |/O ports (Ports PO, P1, P2, P3, P4, P7) 
OEE EAR RR Tee Ee ee ee ee RR Re Ce TOR 46 
r Input port (Port P5) ita ain saaiatsl aw eine detacaa kia eOeg name wre eu a EGET 8 
e Output port (Port P6) ig dials Ghaeass etaoteiasd lelela Galea SCAG nnais oo bieb'8l ste aisle oes a 5 
@ Serial 1/0 (8-bit) Se Siareib urdloie ide tered. siete ie. alasbooyd bree’ Masiele be ow eeGu eee vee ae ee { 
@ 8-bit A-D converter -occcc crete etree nent tener e ne neeeees { 
@ 5-bit D-A converter -occcccce cece eter cent eee eee ne nsec eenes { 
@ 8-bit PWM function--:ccc ccc ee eee ee nee { 
@ Watchdog timer Peer eee reece meee eter eens eee senses sessreerseareesesee 1 
APPLICATION 


VCR, Tuner, Audio-visual equipment 
Office automation equipment 
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M37412M4-XXXFP BLOCK DIAGRAM 








Clock 
Clock input output Timing output Interrupt input Reset input 
Xin Xourt g INT, RESET Voc Vss CNVss 








Data bus 














Clock generating circuit 


Processor 
Watchdog timer status register 
PS(8) 











instruction 
register (8) 


Instruction 
decoder 


= 
| 


pointer S(8) 





counter PC,,(8)} counter PC, (8) 






Lae 

Prescaler Timer 2 

PRE12(8) T2(8) 
= 

























arithmetic RAM Pre lsdererid 
Accumulator Index 
and logical 160 bytes 
: . register Y(8) muReoree eae 
yo 
Prescaler Timer X 
PREX(8) TX(8) 





Tliil Zc one 
perraae malt 
ic 
4849137 K2K3)4H+ZIH20-€9+69-— BB 163)B3)S9I at CO M2— - iit 2 = CC 1)C26364EO—BSIINGNG 14243144145) 501516636 4G96967 _ 


53) 
a ee Re PWM Vinee iuhahatesbaes ee ees rebate eect Mie ee Ree 
pene port P7 Output portP6 O-A AY%ss input port PS I/O port P4 I/O port P3 I/O port P2 I/O port P1 1/0 port PO 
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FUNCTIONS OF M37412M4-XXXFP 


Instruction execution time 2us (minimum instructions, at 4MHz frequency) 


Clock frequency 4MHz 


Memory size 


ite tb 

8-bitX5 (a part of P3 1s common with serial I/O, timer I/O, and interrupt input) 
SSS Sh RNG 5 
rps) Ouput | bi Ca part of Pfs common with evil Vigger ouput pad 
a CS 

























Input/Output ports 


P7 


) 
Subroutine nesting 80 levels (max) 
[interrupts | TW external interrupts, Three internal timer interrupts 










, 
Input/Output characteristics 


) 
, P5, P6, P7, INT) 
| | P3, P4, P7) 
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PIN DESCRIPTION 


Input/ 


Functions 
Output 


Power supply inputs 5V+10% to Vcc, and OV to Vss 


Voce; Supply voltage 


Vss 


~ 


Clock input Input 
Xout Clock output Output 


Interrupt input 





This is usually connected to Vgg. 





To enter the reset state, the reset input pin must be kept at a “L” for more than 2s (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 


This chip has an internal clock generating circuit To control the generation frequency, an external ceramic 
or a quartz crystal oscillator is connected between the Xjy and Xoyr pins If an external clock is used, the 
clock source should be connected to the Xjy pin and the Xour pin should be left open 





This is the timing output pin 





This ts the highest order interrupt input pin 


AV ss Voltage input for A-D 


and A-D 


This is GND input pin for the A-D and D-A converters 





Reference voltage 
input 


This is reference voltage input pin for the A-D and D-A converters 


D-A output Output This ts output pin from the D-A converter 


PWM output Output This ts output pin from the pulse width modulator 
The output structure is N-channel open drain 
PO 9~~P0O7 | !/O port PO 1/0 Port PO ts an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
Input or output At reset, this port is set to input mode 
The output structure is N-channel open drain 
Pio~P17 | I/O port P1 1/0 Port P1 1s an 8-bit I/O port and has basically the same functions as port PO 
: The output structure is N-channel open drain 
P29~P27 | I/O port P2 1/O Port P2 is an 8-bit I/O port and has basically the same functions as port PO, but the output structure Is 
CMOS output 
P39~P37 | I/O port P3 I/O Port P3 ts an 8-bit I/O port and has basically the same functions as port PO When serial |/O is used, P3,, 
P35, P35, and P34 work as Sarpy, CLK, Sour, and Sin pins, respectively. 
Also P33 and P32 work as CNTR pin and the lowest interrupt input pin (INT2) , respectively. 
P45 P47 | I/O port P4 1/0 Port P4 ts an 8-bit I/O port and has basically the same functions as port PO. P47~P4p work as analog input 
port AN7~ANo The output structure is N-channel open drain 
50~ P57 | Input port P5 Port P5 is an 8-bit input port P5,~P57 can be used as the edge sense inputs 


6o~P6, | Output port P6 Output Port P6 is a 5-bit output port At external trigger output mode, P69 and P6, are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively 
7To7~P7s5 | I/O port P7 












Zz 
a = < 

” 

1) 


The output structure is N-channel open drain 


Port P7 is a 6-bit I/O port and has basically the same functions as port PO The output structure is N- 
channel open drain 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37412 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


Timer Control Register 

The timer control register is allocated to address OOFF¢. 
Bits 0 and 1 of this register are processor mode bits. This 
register also has a stack page selection bit. 


0 
Timer control register (address OOFF 16) 


CETTE TT TI 
[| Processor mode bit 


: Single-chip mode 

: Memory expanding mode 
: Microprocessor mode 

: Eva-chip mode 


Timer X mode bit 
00 : Timer mode 
01s: Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 


Stack page bit 
0:0 page 
1:1 page 


Timer X count stop bit 
0 : Count start 
1: Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig. 1 Structure of timer control register 
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MEMORY 

* Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 


(160 bytes) 


ROM 
(8192 bytes) 


FFF4,¢ 


| FFFFi, 


Fig.2 Memory map 


Interrupt vector area 





¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


Special 
page 
for 


subroutine 
call 
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Fig.3 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37412M4-XXXFP can be interrupted from seven 
sources; INT;, timer X, timer 1, timer 2/serial |/O, or INT>/ 
BRK instruction. | 
However, the INT> pin is used with port P32 and the corres- 
ponding directional register bit should be set to “0” when 
P38. is used as an interrupt input pin. 

The value of bit 2 of the serial 1/O mode register (address 
OOF5,.) determine whether the interrupt is from timer 2 or 
from serial I/O. When bit 2 is “O” the interrupt is from timer 
2, and when bit 2 is “1” the interrupt is from serial |/O. Also, 
when the bit 2 is “1”, parts of port P3 are used for serial |/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 


Table 1. 


Interrupt vector address and priority 


[—ewunt [Prony [_vestoradaross 
reset [tPF FFE 
ee sc 
ee Se 



























Interrupt 
request 


Interrupt disable flag | 


Fig.4 Interrupt control! 


When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, the interrupt dis- 
able flag | is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag | is set to “1”. All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both “1” and the interrupt disable flag is “O”. 
The interrupt request bits are set when the following condi- 
tions occur: 
(1) When the INT; or INT2 pins go from “H” to “L” 
(2) When the contents of timer X, timer 1, timer 2 (or the 
serial |/O counter) go to “0” 
These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT» interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT2 generated the interrupt. 


Interrupt control register (Address 00FE,,¢) 


Bit 7 : INT, pin interrupt request bit 

Bit6 : INT, pin interrupt enable bit 

Bit5 : Timer 1 interrupt request bit 

Bit4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial |/O interrupt request bit 
Bit 2 : Timer 2 interrupt or serial |/O interrupt enable bit 
Bit 1 : INT2 pin interrupt request bit 

Bit 0 : INT. pin interrupt enable bit 


Timer control register (Address OOFF,,) 


Bit 7 : Timer X interrupt request bit 
Bit6 : Timer X interrupt enable bit 
Bit 5 : Timer X count stop bit 

Bit 4: Stack page bit 

Bit 3 : 
Bit 2 : 
Bit] : 
BitO : 


| Timer X mode bit 


| Processor mode bit 
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TIMER 
The M37412M4-XXXFP has three timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial |/O mode) and tim- 
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section). Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to “1”, the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 
The P33/CNTR pin cannot be used as CNTR when P33, is 
being used in the normal |/O mode. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 
The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,,¢ and 
OOFF,., respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 
(2) Pulse output mode (01) 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 
(3) Event counter mode [10) 
This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 


(4) 


Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “OQ”, the interrupt request bitis set to “1”, 
the timer’s reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFig and 0146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillators frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
OOEF,,). When the timer down-counts to zero, the over- 
flow bit is set to “1” and the contents of the timer’s 
latch is reloaded into the timer. 

The reset of the overflow bit is made by; 

a) hard ware reset 

b) write “0” to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 7. 
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Oscillator Divider When STP instructions are 
executed, this circuit Is Prescaler latch (8) latch (8 Timer X latch | Timer X latch (8) | 
(Xin) 1/16 = 7 circu is |Proscale aton () ‘ 

Net OO! a0 coercively 

Pulse width measurement 

ie mode 

) 
>o 


a) Prescaler aie | Timer X (8) | xX ( to timer X interrupt request bit 





























P33/CNTR Event counter mode 
( ) O a 
Pulse- output mode Timer X count stop bit ag s 
° (Bit 5 at address OOFF;¢) STP 
instruction 
<q Toggle flip-flop 
Data bus 
Prescaler =T ert Timer Timer 3 latch (8) latch Se) 
OF ars 3 overflow bit 
_il 8 
| Prescaler (8) | | Prescaler (8) | ll | Timer3 (8) | OF | (Bit 3 at address O0OEF,,) 
Data bus 
Prescaler Prescaler latch (8) Timer 1 Timer 1 latch (8) Timer 1 latch (8) Timer 2 latch (8) 
“li r to timer | | 
| Prescaler (8) | Timer 1 ( interrupt Timer 2 (8) 
request 
bit 
to timer 2 or 
is) serial (/O 
interrupt 
Transfer clock ) > request bit 
Serial 1/O counter (3) ae ae 
P3,./CLK 


-—+$— 
Pee Serial J/O mode register (Address 00F5,.) 
4 0 


Fig.5 Block diagram of timer X, timer 1, timer 2, and timer 3 
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Special function selection register 
(Address 00EF,.) 


u 0 
PERE RERE Timer control register (Address OOFF;¢) 


Timing output control bit 
0: Timing ¢ output 
1° “L” level output 


Processor mode bit 
00 : Single-chip mode 
01: Memory expanding mode 
10 : Microprocessor mode 


11° Eva-chip mode 
External trigger mode selection bit (P65, P6,) 


0 : Normal output port 
1: External trigger I/O port 


Timer X mode bit 
00 : Timer mode 
01: Pulse output mode 
10 : Event counter mode 


11 > Pulse width measurement mode Timer coveniow-bit 


1: Timer 3 overflow 
Stack page bit 


0: 0 page 
1:1 page 
Polarity of edge sence input selection bit 


0 : Detected by falling-edge 
1 - Detected by raising-edge 


Timer X count stop bit 
0 : Count start 
1: Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1: Interrupt enable 





Fig.7 Structure of special function selection register 


Timer X interrupt request bit 
0 : No interrupt request 
1: With interrupt request 





Fig.6 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial I/O is shown in Figure 8. 

In the serial |/O mode the receive ready signal (Sapy), syn- 
chronous input /output clock (CLK), and the serial 1/O pins 
(Sout, Sin) are used as P37, P35, P35, and P3,, respectively. 
The serial I/O mode register (address 00F5,,¢) is a 5-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01), an external clock from 
P3. is selected. When these bits are [10), the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 


Oscillator Divider 


x Of 


transfer speed. When the bits are (11), the oscillator fre- 
quency divided by 16, becomes the clock. 

Bit 2 to 4 decide whether parts of P3 will be used as a se- 
rial 1/O or not. When bit 3 is “O” and bit 2 is “1”, P38, be- 
comes an I/O pin of the synchronous clock. When an inter- 
nal synchronous clock is selected, the clock is output from 
P3.. If an external synchronous clock is selected, the clock 
is input to P38, and P38, will be a serial output and P3, will 
be a serial input. To use P3, as a serial input, set the direc- 
tional register bit which corresponds to P3, to “0”. For more 
information on the directional register, refer to the I/O pin 
section. 


from timer 1, 2 


P3, © 


Divider 


Sroy 4 prescaler 


Timer 2 (8) 


(Address 00FB;,) 


to timer 2 or 
serial I/O interrupt 


y > request bit 


Serial I/O counter 


Transfer clock 


a 


(Address OOF64.) 


Fig.8 Block diagram of serial 1/0 


deities /0 register (8) sen 


Data bus 


i 
00: 
01: 
10 : Timer 2 overflow signal divided by 2 
11: Oscillation frequency divided by 16 





ty Serial |/O mode register (Address 00F5,,) 


Synchronous clock selection bit 


External clock 


Serial I/O port selection bit (P35, P3,) 
00 : Normal !/O port 
01: Serial 1/O port 

10: 
Vt 
Sarpy signal output selection bit (P3,) 
0: Normal I/O port 

1: Sarpy signal output pin 


Not used 
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To use the serial I/O, bit 3 and bit 2 need to be set to “01”, 
if they are “00” P3, will function as a normal I/O. Interrupts 
will be generated from the serial |/O counter instead of 
timer 2. Bit 4 determines if P37 is used as an output pin for 
the receive data ready signal (bit 4=1, Sapy) or used as 
normal !/O pin (bit 4=0). The serial 1/O function is discus- 
sed below. The function of the serial |/O differs depending 
on the clock source; external clock or internal clock. 

Internal clock—The Sprpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address O0F7;,). After the falling edge of the write 
signal, the Srpy signal becomes low signaling that the 
M37412M4-XXXFP is ready to receive the external serial 
data. The Sarpy signal goes “H” at the next falling edge of 
the transfer clock. The serial I/C counter is set to 7 when 
data is stored in the serial !/O register. At each falling 





Transfer clock 










Serial |/O register 
write signal 


Serial I/O output 
Sout 


Serial I/O input 
Sin 


Receivable signal 





Sroy 


Fig.9 Serial I/O timing 


Sending side 


Serial |1/O mode register 


bit 4 bit 0 


Set the directional 
register for P37 pin 
in input mode 


wives el LLL Le Li Lee Leiria 


Synchronous clock 


edge of the transfer clock, serial data is output to P35. Dur- 
ing the rising edge of this clock, data can be input from P3, 
and the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 

External clock—If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. An example of communication between 
two M37412M4-XXXFPs is shown in Figure 10. 








9 


Interrupt request bit set 


Receiving side 


Serial |/O mode register 
P37 
bit 4 bit 0 


ale eae 


Set the directional 
register for P3, pin 


Eee in input mode 


Serial data 


Fig.10 Example of serial I/O connection 
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A-D CONVERTER 

An.8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of +3LSB. A block 
diagram of the A-D convertor is shown in Figure 11. Con- 
version is automatic once it is started with the program. 

The six analog inputs are used in common with pins P4,~ 
P4, of port 4. Bits 2, 1 and 0 of the A-D control register 
(address 00F3,,) are used to select which pins are used 
for A-D conversion. The input condition is accomplished by 
setting to “0” the bit in the directional register that corres- 
ponds to the pin where A-D conversion is to take place. Bit 
4 of the A-D control register is the A-D conversion end bit. 
During A-D conversion, this bit is “0”, and upon completion 
becomes “1”. Thus, it can be ascertained whether or not A- 
D conversion has been completed or not by inspecting this 
bit. The relation between the contents of the A-D control 
register and the selection of input pins are shown in Figure 
12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
OOF2,;, which stores the results of the conversion. The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 
written to the successive approximation, any type of may be 


Resistance ladder 





\ 


written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address 00F3,,¢) is cleared to “0” 
signifying that A-D conversion operations are being con- 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to “1” and the 
results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 
the capacitive coupled configuration, f(X;x) is needed lar- 
ger than 1MHz during A-D conversion. 


A-D control register (Address 00F3,¢) 


Analog input selection bit 
000 : P4o/ANo 
001 : P4,/AN, 
010 : P4./ANo 
011 : P43/AN3 
100 : P4,/AN, 
101 : P4s/ANs 
110 : P4g/ANg 
111 =: P4;/AN7 
A-D conversion end bit 
0 : A-D conversion in progress 
1 : A-D conversion completed 


Fig.12 Structure of A-D control register 


re vt ”) 
222 
= 
“) vt ise] 
wz+rtw3wo¢ 
aaa 


Comparator and _ 


( ) P47/AN; 


<—_—_——_) P4¢/ANg 


control circuit 


Successive approximation register 


(Address 00F2,,) 


Data bus ) 


Fig.11 Block diagram of A-D converter 





3—150 





7 A-D 
see control register 


(Address 00F3;.¢) 


sate MITSUBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37412M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





D-A CONVERTER 

The R-2R method is used for D-A conversion. The block di- 
agram is shown in Figure 13 An analog voltage is output 
that corresponds to the contents of the D-A conversion reg- 
ister (address OOF0,,). Ideally, the relation of the analog 


R-2R ladder 


output voltage V and the contents (n) of the D-A conversion 
register is V=Vrere X n/32(n=0~31). 

Reset operation clears the content n of the D-A conversion 
register to 046. 


D-A conversion register (Address 00F0j¢) 





Fig.13 Block diagram of D-A converter 


PULSE WIDTH MODULATOR 

The pulse width modulation register (address OOF1,¢) is 
configured of an 8-bit counter. The period of repetition is 
4080 clock cycles. With the content of the pulse width mod- 
ulation register m, the PWM pin becomes high-level for the 


period of 4080 X m/255 (m=0~255). Figure 14 shows that 
relationship. An N-channel open drain output is used for the 
PWM pin. 

Reset sets the content m of the pulse width modulation 
register to 004.. 


kone period of 4080 clock cycles >| 


01 2 3 


Fig.14 Relation between m and PWM output 





253 2540 1 2 3 4 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4,,¢) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF,, when a 
reset is accomplished a write operation has been made to 
it. AS well as any of the instructions that generate a write 
- signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes “0” and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF,,. and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming “0”. Application of a 
+10V to the RESET pin will disable the watchdog timer 
function. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 





SYNC 


Address 


8~12 clock cycles 


Fig.15 Timing diagram at reset 
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RESET CIRCUIT 

The M37412M4-XXXFP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFF,. as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 16. 
An example of the reset circuit is shown in Figure 17. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoyur becomes stable. 








XK? LK 00: SKS 1K00.S-2KEFFEXE EFEX AD) 
Data GD €D €P €D €3 63 CD 


Reset address from the 
vector table 


Note 1: Frequency relation of f(Xiy) and ¢ts f(Xin) =4°¢ 
2: The mark “?” means that the address is changeable 
depending on the previous state 
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Address 
Port PO directional register Elie 
Port P1 directional register E 346 
Port P2 directional register E546 


Port P7 directional register E 646 


Port P3 directional register E 946 


‘Port P4 directional register E Bis 


“LET bias 
XXX 910X 


Port P6 E Ei6 


Special function selection E Fi6 
register — 

D-A conversion register F O46 
Pulse width modulation F l46 
register 

Watchdog timer F 446 





Serial 1/O mode register F 546 


Prescaler X F Cis 


Timer X F Dig 


Interrupt control register F Ei6 


Timer control register 


Interrupt disable flag on 
processor status register 


f 
Program counter _.. | Contents of address 


16 


Contents of address 
E16 


~— (oleate 
| 0046 
| FFFF | 





Fig.16 Internal state of microcomputer at reset 


QO PORTS 


(1) 





Port PO 

Port PO is an 8-bit |/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00E0j¢. 
Port PO has a directional register (address 00E1,.) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
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Power on 
M37412M4-XXXFP 


M37412M4-XXXFP 


RESET Supply voltage 


ae detection circuit 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





Fig.17 Example of reset circuit 


though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit O and bit 1 at address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 
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(2) 
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Port P1 

In the single-chip mode, port P1 has the same function 
as PO, but it has CMOS output. In the other modes, 
P1’s functions are slightly different from PO's. For more 
details, see the processor mode information. 

Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 
different from PO's. 

For more details, see the processor mode information. 
Port P3 

In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P93’s functions are slightly 
different from POQ’s. Port P3 can also be used as serial 
I/O, INTz and I/O pins for timer X. For more details, 
see the processor mode information. 

Port P4 

Port P4 has the same function as port PO in the single- 
chip mode. But P47, through P4, can also be used as 
analog input pins AN; through ANbo. 

Port P5 

Port PS is an input port. P5, through P57 can also be 
used as edge sence inputs. In such a case, reading is 
begun from OOED;.. OOED;., is provided with a latch 
which is set to “1” when the input changes from high- 
level to low-level. 

And for P57, polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 
address 00EF;). 

When this bit is set to “0”, its latch is set to “1” at the 
input level goes to “L” from “H”. When this bit is set to 
“1”, its latch is set to “1” at the input level goes to “H” 
from “L”. At the reset state, this bit is set to “O”. 

When content of polarity of edge sense input selection 
bit was set by program, the latch (bit 7 of address 
OOED,,.) must be reset once. 

The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a “0” to the latch. When O0ED;, 
is read, the lower order 4 bits are always zero. 

When port P5 is used as level sense input, read the 
contents of the address 00EC;.. 

Port P6 

Port P6 is a 5-bit output port. It has N-channel open 
drain output. P69 and P6, can be used _ as external trig- 
ger !/O pins, when external trigger mode selection bit 
(bit 2 of address O0EF,,) is set to “1”. In this case, P6, 
and P6, are trigger clock input pin and trigger output 
pin, respectively. Using external trigger mode, P6)’'s 
latch must be set to “1” in order to off the output tran- 
sistor. In external trigger mode, the content of P6,’s 
latch is output to pin when the rising or falling edge is 
input to P6p pin. 

When external trigger mode selection bit is set to “O”, 





(11) 


P6, and P6, are normal output ports. At the reset state, 
this bit is set to “O”. 

Port P7 

Port P7 is a 6-bit I/O port. In this single-chip mode, 
port P7 has the same functions as port PO. 

The functions of this port do not change even though 
the processor mode may change. 

Clock ¢ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as ¢. The timing output ¢is fixed “L” 
state when the timing output control bit (bit 1 of 
address OOEF;,) is set to “1”. But in this case, except 
the timing output is active. The timing output ¢ is output 
again when the timing output control bit is set to “O”. At 
reset state this bit is set to “O”. 

INT, pin 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 at address OOFE;¢) is set to “1” 
when the input level of this pin changes from “H” to 
“L", 

INT. pin (P3,/INT> pin) 

The INT» pin is an interrupt input pin used with P3,. To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input (“0”). When this 
signal level changes from “H” to “L”, the interrupt re- 
quest bit (bit 1 at address OOFE,,) is set to “1”. 

CNTR pin (P33/CNTR pin) 

The P33/CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input (“0”). In the event coun- 
ter mode, CNTR becomes the input pin of the external 








_ pulse. In the pulse output mode, the CNTR output 


changes polarity each time the contents of timer X 
goes to “0”. In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 
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Port PO, P1, P2, P3, P4, P7 


Directional 
ag register Z 
oa Port latch : 







N-channel open drain output 






Ports PO, P1, P3, P4, P7 


















Data bus -m ae 
| 
Note 1 : Port P3 can be also used as |/O pin of serial I/O, timer I/O, and interrupt input 
Port P4 can be also used as analog input 
Ports P2 
register 
Data Bus Port latch ae 
Port P5 Input 
Port P5 
PWM N-channel open drain output 
il PWM 
Port P6 N-channel open drain output 
Data bus Port latch 1 Port P6 
p 


~ CMOS output 
Eh 1 ¢ 


Fig.18 Block diagram of ports PO~P7 (single-chip mode), and output format of ¢. 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. In the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~ P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 20 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is illustrated in 
Figure 2 and for other modes, in Figure 19. 

By connecting CNVss to Vgs, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Internal RAM 


Memory expanding Eva-chip Microprocessor 
mode mode mode 


The shaded area is external memory area 


Fig.19 External memory area in processor mode 





(1) Single-chip mode [00] 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO ~ P3 will work as original 1/O 
ports. 

(2) Memory expanding mode (01) 
The microcomputer will be placed in the memory ex- 
panding mode when CNVsgz is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. P2 
becomes the data bus (D7~D,) and loses its normal |/ 
O functions. Pins P38, and P38) output the SYNC and R/ 
W control signals, respectively. 

(3) Microprocessor mode [10] 
After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode is the same as the memory ex- 
panding mode. 

(4) Eva-chip mode [11] 
When 10V is supplied to CNVgg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 
In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 
The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original I/O functions. 
Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original 1/O functions. Port P2 retains 
its original I/O functions while ¢is at the “H” state, and 
works as a data bus of D7 ~ Dog (including instruction 
code) while at the “L” state. Pins P3, and P38, output 
the SYNC and R/W control signals, respectively while 
¢ is in the “H” state. When in the “L” state, P3, and P35 
retain their original |/O function. 
The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. 





37-196 


9 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37412M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 










Microprocessor 
mode 










Ports P07;~ PQo 


X 1/O port 


Ports PO, ae PO> 


Address 







Ports P0Q7~P0p) 


Address 
A7~™Ao 


Port PO 
Port P2 


Fig.20 Processor mode and functions of ports PO~P3 













Ports P1 ; ies P1 0 


X I/O port 
fo Lf 


Ports P27~P25 


x I/O port 


Ports P17~P1 


Address 


Ports P1 ; aie P1 0 


Address 
Ais~Ag 

















Ports P27~P2) 


Output Data 
port Dz~Do 


Ports P27~ P25 


_ Data 
= ap a D;~Do = 

















Ports P3,;~P3 


X I/O port 


Ports P37~ P38. 


x 1/O port 


Ports P37~ P32 


x i/O port 






Port P3, Port P3, 
SYNC 1/O port SYNC 
Port P35 Port P35 






R/W 


R/W \/O port 


Table 2. Relationship between CNVgzg pin input level and processor mode 


Explanation 
¢ Single-chip mode The single-chip mode Is set by the reset 
¢ Memory expanding mode All modes can be selected by changing the processor mode bit with the program 
* Eva-chip mode 
¢ Microprocessor mode 


* Eva-chip mode The microprocessor mode ts set by the reset 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program. 


10V * Eva-chip mode Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
23. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF,,. and 
01146, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until! timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 21. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 22. 
Xin is the input, and Xoyz is open. 


Interrupt 
request 


Interrupt 
disable flag | 


STP instruction 
(option) 


> THES 
OJ 


Prescaler X 


M37412M4-XXXFP 





Fig.21 External ceramic resonator circuit 


M3741 2M4-XXXFP 


{ 


Xin Xout 








Fig.22 External clock input circuit 


STP instruction 
(option) 


Internal clock¢? 


overflow 


Timer X count stop bit 


Xin 


Fig.23 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n-+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f(Xin) is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don’t use STP or WIT instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) ROM ata cccccccccrccerretretet eset eceeeeeeeseeees EPROM 3sets 
Write the following option on the mask ROM confirmation 
form 


¢ STP instruction option 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 


ae Input voltage Xin 


Input voltage P29~P27, P49~P47 


















—0 3~Voct0 3 


Voc aed 
Vi 
V, input voltage GNVss, RESET —0.3~13 
Output voltage P2y~P2, P4y~P47, Xour, ¢, D-A 
ae 


Input voltage POg~PO07, P19o~P17, P3p~P3r, 
P59~P57, P69, P7o~P7s, INT} 


With respect to Vss 
Output transistors cut-off 





—0.3~Voc +0. 3 
Output voltage P0o~ P07, P1o~ P1 ra P39~ P37, 


. 7 

. 7 
P69~P63, P7o>~P7s5, PWM —0.3~13 

300 


Pa | Power dissipation SS*d ae on ee 
Operating temperature ee ee : 
Storage temperature oe ee c 


\ 


Tst e 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10~70°, unless otherwise noted) 


Symbol Parameter 
Typ. 


a 
"Ves [supnyvotags—C“‘“‘“‘S*SCS*S*S*S*dSC“‘LU ON *S OW 
T Vaer | Reference vonage ——SSSSSSSCSCSC*CSC~‘iC‘i Cd 


“H” input voltage POgp~P07, P1p~P17, P29~P27, 
P3p~P37, P4g~P47, P5g~P5r, 
INT), RESET, Xin, CNVsg, P65, 
P7o~ P75 
“L” input voltage P0o~ PO,, P1 o~P1y, P29~P2;7, 
P3p~P37, P49~P47, P5p~P5z, 
INT;, CNVsg, P69, P70~P75 


Wa | inpitvotage RESET SSCSC~*iSC‘ SC 
fic rae 





















“L” input voltage Xin 


“L” peak output current POo~P07, P19o~P17, 
| P2o~P27, P39~P3;, 
a a P4g~P47, P7o~P7s5 

(Note 2 ) 


Voc 
Vss 
\ 
Vin 
Vir 
Vir 
Vit 
“L” peak output current P6>~P63 (Note 2 ) 
lot(peak) 


x 
ae 
| lortpeak) “L” peak output current PWM (Note 2 ) eae 
aos 
anes 


© 
o 
2 
9 
0 
- 





“L” average output current POg~P07, P19~P17, 

P29~P2;, P39~ P37, 

OL( avg)? P4p~P47, P7>~P75 
(Note 1 ) 


“L” average output current P6y>~P63 (Note 1 ) 
“L” average output current PWM (Note 1 ) 
“H” peak output current P29>~P2; (Note 2 ) 
“H” average output current P29~P2; (Note 1 ) 


*(Xin) internal clock oscillating frequency 


Note 1 : Average output current lo.(avg) and lon(avg) are the average value of a period of 100ms. _ 
2 : Total of “L” output current Io., of ports PO, P1, P2, P3, P4, P6, P7 and PWM is 80mA max. 
Total of “H” output current low, of port P2 is 50mA max. 
3 : “H” input voltage of ports PO, P1, P3, P49~P43, P5, P69, P7 and INT; is available up to +12V 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiy)=4MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions = 
Min Typ 


“H” output voltage P29>~P2, lon=—10mA 

“H” output voltage ¢ lon=—2. SMA 
Voi 
Voi 


“L” output voltage PQ9~P07, P1o~P17, P29~P27, 
P30~ P37, P49~ P4,, P60~ P63, loL= 10mA 
P7o~ P75 


< 


2) 
ie) 
Oo 
2) 


“L” output voltage ¢, PWM, P64 


fo) =) 
on 


A 
| 
Hysteresis Xin 


“L” input current POo~PO07, Plip~P17, P29~P27, 
lie P39~P37, P49~P47, P5o~P5z, 
P69, P7o~P75, PWM 
“L” input current INT}, RESET, Xin 
“H” input current PQg~ P07, Plo~P17, P39~P3z, 
P49~ P43, P5p~P57, P6o, 
P79~P75, PWM 
P4)~ P47 
| Vea | 


Vram RAM retention voltage At clock stop 22. a eee eae 


I 

(Xin) =4MHz 
| opened, other pins at 
ee Tag=25C 


oO;oO 





Supply current Vss, and A-D converter 
in the finished condi- 


tion At clock stop 


Ta=75C 


fF Resolution Vrer= Voc 


Riapoer | Ladder resistance value Vrer=Voc 


Conversion time 


Reference input voltage ; 
Analog input voltage 








| Error in full scale range Vrer=Vec lt, eel 











Output resistance Vrer= Voc 
Reference voltage | 
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TIMING REQUIREMENTS 
Single-chip MOde (Vcc=5V+10%, Vss=0V, Ta=25, f(Xiy)=4MHz, unless otherwise noted) 


Symbol 


Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 
9) 
9) 


Limits 
T 











Parameter 


< 
Ko) 









35 
SN 
io) 


NO 
SN 
oO 


RO EDO 
SIN 
oO;o 


Port P3 input setup time , 


Port P4 input setup time 2/0 - “As 
Port P5 input setup time 270 


N i) 
NWP OTT RM PRT MTR FMT MIT DIN 
ALO;/OIO;ol;ol;oloalro;a 


Port P7 input setup time 


thc ¢—pop) Port PO input hold time 





, 


thi ¢—Pp1pD) Port P1 input hold time 


Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P7 input hold time 


External clock input cycle time 


twee External clock input pulse width 





External clock rising edge time 


NO} NM 





External clock falling edge time 


Eva-chip MOdeE (Vcec=5V+10%, Vss=0V, Ta=25°C, f( Xin) =4MHz, unless otherwise noted) 


tsyu(p1D—¢) Port P1 input setup time | 270 | =36| tid ns 
Tteucran—») | Pot P2mputseuptme ——=~=*~=“‘*S*<“‘;‘“‘*S™SSCSC™C™C~C“‘“‘*~*‘“CCSG™SC“‘#SYLCNWC#CSOs 
thispon) | Por POinputholdtime —=“‘(STU*S*™*™!™OOO™OUOUOOOOOOC™~™~™~COCSSSCM|CdTSCCdTSCts 
Fthispio) | PortPtinputhoidtime —=~=~=“‘S;~*~*<“‘“‘S™SWCOCOC™#™#C™#™#™~*~“‘®SNCNN’N’NWCYYSC“C'”=*dG*s‘éSCNC# Ons‘ 
| this pep) | Port P2inputhoidtime | ns 





Memory expanding mode and microprocessor mode 


(Voc=5V+10%, Vgg=0V, Ta=25°C, f(Xin)=4MHz, unless otherwise noted) 


Port P2 input setup time 270 
thc ¢—pe2p) Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip MOde (Vcc=5V110%, Vss=0V, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 


td‘ ¢—Ppoa) Port PO data output delay time ey 
i 
td( g—P1aQ) Port P1 data output delay time 2 
td(¢—p2a) Port P2 data output delay time Fig.25 


Port P3 data output delay time 
Port P4 data output delay time 











Typ 


Unit 







B 
WW 
oO 


NON 
W |W 
a8 









NT MIND 
Wi} Wi @ 
oO;o|;o 


Port P6 data output delay time 
Port P7 data output delay time 


N 
Ww 
oO 










Eva-chip Mode (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xiy)=4MHz, unless otherwise noted) 


Port PO address output delay time bo 
Port PO address output delay time P| 
Port PO data output delay time en 
Port PO data output delay time | 
- Fig 24 
Port P1 address output delay time | | 
Port Pi address output delay time . aa 
td(¢—p1a) Port P1 data output delay time aes 
Port P1 data output delay time —— 
Port P2 data output delay time pe = 
: Fig.25 
Port P2 data output delay time ae 
R/W signal output delay time 
R/W signal output delay time 


Port P39 data output delay time P| 
Port P39 data output delay time 
d( ¢—P39QF) 0 Pp y Fig 24 P| 


Limits 
Typ. 


Unit 


NO 
on 
oO 





NO 
(=) 
oO 





NTMI NTR MITNd 
oO;an,; Qiog;o;n 
O1O;O;O;}O;};O 


WW] Ww 
o;O 
O1oO 


N 
ol 
oO 













NOPR | NM 
o;ro;gi 
O;O;O 


Port P3, data output deiay time 


N 
on 
c-) 


NO; NM 
oO;O1 
O;oO 





Port P3, data output delay time 


NO 
oO 
(o) 











Memory expanding mode and microprocessor mode 
(Voc=5V+10%, Vsg=0V, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


Port P2 data output delay time 





Limits 
Ty 


Unit 


WIN] NM 
o;o;o1 
O10o;}o 







WwW 
8 
oO 


N 
Ol 
oO 


N 
°o 


5 





Fig.24 Ports PO, P1, P3, P4, P6 and P7 test circuit Fig.25 Port P2 test circuit 
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TIMING DIAGRAMS 


In single-chip mode 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 tnput 


Port P6 output 


Port P7 output 


Port P7 tnput 


ae ee 


entice (POD—¢) 


i th (¢—PoD) 
neg ($—P1Q) 


~~ 


ae (¢—P2Q) 








a — — 


SC 


td (¢—P7Q) 


a 


Rees 





: ae aan aN 


th (¢—P1D) 


th (¢—pap) 


vamos (P3D~ ¢) 


7 th (¢—p3p) 
(¢g-—P4Q) 


th (¢—-P4D) 
os (P5D—¢) 


por th (¢—PsD) 
td (¢—P6Q) 


tsu (p7Q-- 4) 


th (¢—-P7D) 





3—164 





MITSUBISHI MICROCOMPUTERS 


M37412M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


? 
td (¢—P0A) rae. td (¢-PoaF) 
ene xX 





In eva-chip mode 


¢ 4 


ene 







td (¢—Po0a) 






ft 


tsu (pop—¢) 
pears 
Port PO input é 
th (¢—PoD) 
td peor td (¢—-P1Ar) td (¢-P1QF) 
peiowe DX 
sia td (¢—P1Q) 






tsu (p10— 4) 


Port P1 input 


th (¢—P1D) 
td (¢—-p2aQ) 


Port P2 output 


Port P2 input 
th (¢—P2p) 
ie td (¢—R/w) td (¢@—Pa,aF) 
Port P39 output (R/W) i cs 
td (¢—P3,QF) 
Port P3, output (SYNC) >” ne 


td (¢—P3,Q) 
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In memory expanding mode and microprocessor mode 


td (¢—Poa) 


x 


Port PO output 


td (¢—P1A) 


__ 


x 


ie 
td (¢—P20) td (¢—-P20F) 


GED . 


Port P1 output 





ar 


Port P2 output 





tsu (P20—¢) 


os 


Port P2 tnput 


th (¢—P20) 


td (¢—A/wW) 


>. <a! SALORANE 
a ane: 


Port P3, output (R/W) 


Port P3, output (SYNC) 


a 
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DESCRIPTION 

The M37413M4HXXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
1/O addresses are placed on the same memory map to en- 
able easy programming. 

The differences between the M37413M4HXXXFP and the 
M37413M6HXXXFP are noted below. The following ex- 
planations apply to the M37413M4HXXXFP. 

Specification variations for other chips are noted accor- 
dingly. 

The M37413M4HXXXFP has the same functions as the 
M37413M4-XXXFP except for the method of writing to in- 
terrupt request distinguish registers. 


[typename ——SC*dSCO*~*“‘“‘*C*éROMGzS —*d 
M37413M4HXXXFP 8192 bytes 
M37413M6HXXXFP 12288 bytes 


FEATURES 
@ Number of basic instructions::::sss;7ttstrt 69 
@® Memory size ROM-:: 8192 bytes (M37413M4HXXXFP) 
12288 bytes (M37413M6HXXXFP) 
RAM -oerreecctcc sce eeeeeeetes settee eeees 256 bytes 
@ Instruction execution time 
(minimum instructions at 8MHz frequency) 
at high-speed 11 10\¢ (> Re 1us 
at normal Moder see ert eee 4us 
@ Single power supply 
high-speed mode (at 8MHz frequency) 






normal mode (at 8MHz frequency) 
high-speed mode (at 2MHz frequency) 
ee i er i ri er rr ei 2.55~5.5V 
@ Power dissipation 
high-speed mode (at 8MHz trequency) 
sidiesiescta ead Wnts Chika bdo. ero a bie De ea iaiars Sele iores 30mW (Voc=5V, Typ.) 
low-speed mode (at 32kHz frequency for clock 
function) Fio.s avwls''e wieiaio Gly os8ie bs0ibie'sare/a'Sieis ain 8 54uW (Voc=3V, Typ.) 


@ RAM retention voltage (stop mode) 

sa siavok sindie.w ied sees Meee SRS Ree ea ean ee eeiennes 2.0VSVaam=5.5V 
@ Subroutine nesting vc 96levels (Max.) 
P Interrupt eee ee 10types, 5vectors 
@ 8-bit timers: 4 (3 when used as serial I/O) 
@ 16-bit timer ccc eer terete tee eet teen tree er eeees 1 
@ Programmable I/O ports 

(Ports PO, P1, P2, P3, P5, P6, PZ): rrrer rete 56 
@ Input port (Port P4) Le eee eer ee ee 8 
@ Serial |/O (8-bit) Bea eters ia idtuin te we ataewlard oie wert se weds a sear eee eis { 
@ A-D conmverter-s ssc 8-bit, 8channel 
@ Two clock generating circuits 


(One is for main clock, the other is for clock function) 
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PIN CONFIGURATION (TOP VIEW) 


P42/INg — rt 


P4,/IN4 3 


P57/PWM3 + [3] 
P56/PWM2 < [10] 
P55/PWM1 + [1 
P5,/PWMO <> [12] 
P§,/SIG ++ [13] 
P52/CNT2 +* 14) 
P5,/CNT, +> [5] 


djaXXXHOWELPLEW 
djaXXXHPWELPLEW 


P37/Srpy ~~ 
P3.6/CLK «+ 


P34/Sin ++ [20] 


S] 
33] 


P30/INTo <> 
P31/Xcin < 
P30/Xcourt ++ [RX] 


Outline 80P6S 


NC : No connection 





APPLICATION 

Audio-visual equipment, VCR, Tuner, Office automation 
equipment, Camera, Communications apparatus, Cordless 
telephone. 
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DR 
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Clock Clock Timing Interrupt Reset Reference 
input output output input input voltage input 
Xin Xout 1) INT, RESET Voc AVcc Vss AVss Vrer CNVss 1/0 port P5 
- ae @-—9-—-— 2-0 SS OO Os ee AERRERED SS 
sapitid | 
SSS! : 
age Vy VV 
Sle 

















generating Pr ne aes Instruction 
aris U 
circuit register counter = 1 register 
PS(8) PC, (8) T1 a 









] INT3 si 
Instruction : 
decoder 


Control signal 


Xcin Xcour 


Ea 2 
eae 






8-bit 
Arithmetic 
and 
logical 
unit 











Timer ae 
ae 





(eee en = = a 


A-D 
converter | 
S | S$ 1/0(8) | Key on wake } Key on wake up(8) | 


Xcin INT2 


Xcout 


nM | P78) | 
T P6(8) Tp3(8) Tht P1(8) [ pos) | ry | 
rr ___ Legere 
fh UU 
- SOTO COEREREICIV)-— - CRIMI DOOODOD C9 bch Sac I eS GEORDIE — - oe CREB IES— - egos = mee 
Nee ee ben 
1/0 port P6 port P6 Input port P4 1/0 port PS VO port P2- port P2 “1/0 port Pt port P1 “1/0 port PO port PO 1/O port P7 


Note 1 : 12288 bytes for M37413M6HXXXFP 
2: PCy, uses 6 bits only 


YALNUWODVOUVINW SOW) LIES diHO-3aTONIS 


di XXXHOWETYZEW 
SHS LNdUWNODJOHVDIN IHSIESNSLIN 


dijAXXXHPINETYZEW 
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FUNCTIONS OF M37413M4HXXXFP, M37413M6HXXXFP 


Parameter Functions 
Number of basic instructions 





























Instruction execution time 1s (minimum instructions, at 8MHz frequency) 
Clock frequency 8MHz 
ROM 8192bytes 
M37413M4HXXXFP 
RAM 2s6bytes 
Memory size ee ee 
ROM 12288bytes 
M3741 3M6HXXXFP aac 
RAM 256bytes 







PO, P2, P7 1/0 
P1, P3, P5, P6 1/O 
P4 Input 


Serial {/O 


Timers 


8-bitX 3 (CMOS output, Pull-up option) 
8-bitX 4 (N-channel open drain output, Pull-up option) 
8-bitX1 (Pull-up option) 





Input/Output port 














8-bit timerx 4 
16-bit timerX1 


4 external interrupts, 5 internal interrupts, 1 software interrupt 

















Subroutine nesting 













Interrupt 











Clock generating circuit Two built-in circuits (ceramic or quartz crystal oscillator ) 


—20~75C 


CMOS silicon gate 
80-pin plastic molded QFP 





Operating temperature range 












Device structure 








Package 
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PIN DESCRIPTION 


Input/ 


Functions 
Output 





Vcc; Supply voltage 
Vss 


Power supply inputs 5V+10% to Vcc, and OV to Vss 





CNVss 


— 


Xin Clock input Input These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xiy and Xour pins If an external 

Xout Clock output clock 1s used, the clock source should be connected the Xiy pin and the Xour pin should be left open 

INT, Interrupt input 

AVcc Voltage input for A-D 

AVss Voltage input for A-D 


Reference voltage 


This is connect to Vss ; 


To enter the reset state, the reset input pin must be kept at a “L” for more than 16s (under normal Voc 
conditions) If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the-required time 








This is the highest order interrupt input pin 








This ts power supply input pin for the A-D converter 


This is GND tnput pin for the A-D converters. Connect to Vss 


This 1s reference voltage input pin for the A-D converter 


VReF 


input 




















PQ o~~PO, | I/O port PO 1/0 Port PO is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output Pull-up option 
of this port 1s valid only in input mode 

Pto~P17 | !/O port P1 1/0. Port P1 1s an 8-bit |/O port and has basically the same functions as port PO, but the output structure is N-ch 

: open drain Pull-up option of this port ts valid only in input mode 

‘P29~~P27 | I/O port P2 I/O Port P2 is an 8-bit I/O port and has basically the same functions as port PO and also works as the key on 
wake up function with mask option Pull-up option of this port ts valid only in input mode 

P39~P37 | I/O port P3 1/0 Port P3 is an 8-bit I/O port and has basically the same functions as port P1 When serial I/O 1s used, P37, 
P35, P35, and P3, work as Sarpy, CLK, Sout, and Sin pins, respectively Also P33, P32, P3;, and P39 work as 
timer 4 overflow signal divided by 2 output pin (T), INTs pin, Xcin and Xcout pins, respectively Pull-up op- } 
tion of this port is valid in both input and output modes 

P45~P4, | Input port P4 Input Port P4 is an 4-bit input port P49~P4,3 are in common with IN4g~IN7 Pull-up option can be used when this 
port is used as a input port 

P59~~P57 | I/O port P5 1/0 Port P5 is an 8-bit |/O port and has basically the same function as P1. P59, P5;, P52 and P53 are in common 
with INTs, timer 3 input, timer 5 input and A-D trigger input respectively P54~~P57 are also in common with 
PWMO~PWMs3 Pull-up option of this port is valid in both input and output modes. 

P69~~ P67 | I/O port P6 1/0 Port P6 ts an 8-bit 1/O port and has basically the same functions as port P1 Pull-up option of this port is 
valid in both input and output modes 

P7o™~ P77 


1/O port P7 1/O Port P7 is an 8-bit !/O port and has basically the same functions as port P2 Pull-up option of this port is 
valid only in input mode a 
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FUNCTIONAL DESCRIPTION 

Ceniral Processing Unit (CPU) 

The M37413 microcomputers use the standard MELPS 740 
instruction set For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 
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MEMORY 


* Special Function Register (SFR) Area 


The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 


* RAM 


RAM is used for data storage as well as a stack area. 


* ROM 


ROM is used for storing user programs as well as the inter- 


rupt vector area. 


ROM 
(12288 bytes) 
for 
M37413M6H 
XXXFP 


Fig. 1 Memory map 


RAM 
(192 bytes) 


RAM 
(64 bytes) 


ROM 


(8192 bytes) 
for 
M37413M4H 
XXXFP 





¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Hexadecimal 


Zero page 


Special 
page 
for 
subroutine 
call 


Interrupt vector area 
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Port P6 
Port P6 directional register 
Port P7 
Port P7 directional register 
P7 Key on wake up register 


Pe ee eee 


ane ee aeee een ree 


Interrupt control register 


Timer control register 





Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPT 
The M37413M4HXXXFP can be interrupted from ten sources; 
INT,, Timer 2 or Serial I/O, INT3 or Key on wake up, INT» 
or Timer 3, Timer 6 or A-D, and BRK instruction. 
“Key on wake up” can only be used at power down state by 
STP instruction or WIT instruction. When one of the P2 or 
P7 is “L”, an interrupt occurs. 
These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, and the interrupt 
disable flag (1) is set, and the program jumps to the 
address specified by the interrupt vector, and the interrupt 
request bit is cleared automatically. The reset interrupt is 
the highest priority interrupt and can never be inhibited. Ex- 
cept for the reset interrupt, all interrupts are inhibited when 
the interrupt disable flag is set to “1”. All of the other inter- 
rupts can further be controlled individually via the interrupt 
control register shown in Figure 3. An interrupt is accepted 
when the interrupt enable bit and the interrupt request bit 
are both “1” and the interrupt disable flag is “O”. 
The interrupt request bits are set when the following condi- 
tions occur: 
(1) When the INT;, INT. or INT; pins go from “H” to “L” or 
“L” to “H” 
(2) When the levels any pin of P2 or P7 goes “L” (at power 
down mode) 
(3) When the contents of timer 2, timer 3, timer 6 or the 
counter of serial I/O goes “0” 
These request bits can be clear by a program but can not 
be set. The interrupt enable bit can be set and clear by a 
program. 
When the two interrupt requests, which are the same prior- 
ity and are at the same sampling, the priority process is 
processed by interrupt request distinguish register 1 and 2 
The interrupt request distinguish bit is used by software to 
determine priority when two interrupt causes are allocated 
to the same interrupt vector(that is, the two interrupts have 
the same priority). 
Irrespective of whether the interrupt is disabled or enabled, 
the interrupt request distinguish bit is automatically set to 
“1” when conditions arise that satisfy the interrupt cause. _ 
However, the interrupt request distinguish bit is not auto- 
matically cleared. The bit must therefore be cleared by 
software in the interrupt service routine (before executing 
an RTI instruction). | 
Note that when using the instruction CLB to clear this bit, 
the request distinguish bit of an interrupt that is generated 
during execution of CLB will not be set(to “1”). Use one of 
the following two methods to clear interrupt request disting- 
uish bits: 





@ Use instruction LDM to write directly to address 00EB,, 
(interrupt request distinguish register ‘1) or OOEAj, 
(interrupt request distinguish register 2). 


LDM #$nn, $zz 
, Where zz 1s the address(00EB,.¢ or OOEA;¢) of the interrupt request 


, distinguish register that includes the interrupt request distinguish 
, bit that is to be cleared and nn sets the interrupt request disting- 
, uish bit to be cleared to “O” and other interrupt request distinguish 
, bits to “1” 
, Other control bits must be set according to the required control 
, (interrupts enabled or disabled) 
[Example] Clearing the INT2 interrupt request distinguish bit 
LDM 1X1X0X1XB, $00EB 
as ie 
Of the interrupt request distinguish bits,only the INT, interrupt re- 
quest distinguish bit, which ts to be cleared, should be set to “0” 
The values of bits marked “X” are determined by the control 
being effected 





(2) Use instructions LDA, ORA, AND, and STA to write via 


the accumulator to address OOEB;, (interrupt request 
distinguish register 1) or OOEA,¢(interrupt request disting- 
uish register 2). 


LDA $zz 

ORA #$nn 

AND #$nn 

STA $zz 
, Where zz Is the address(00EB,, or OOEA;,) of the interrupt request 
, distinguish register that includes the interrupt request distinguish 
, bit that is to be cleared and nn sets the interrupt request disting- 
, uish bit to be cleared to “0” and other interrupt request distinguish 
, bits to “1” Other control bits must be set according to the required 


, control (interrupts enabled or disabied) 


[Example] Clearing the timer 6 interrupt request distinguish bit 
LDA $00EA 
ORA XX1X1X0XB 
Lift 


Of the interrupt request distinguish bits, only the interrupt request 


distinguish bit for timer 6, which is to be cleared, shoud be set to 
“0” The values of bits marked “x” are detemined by the control 
being effected 

$d 
AND XX1X1X0XB 


STA $00EA 


Because an interrupt request is generated only at the time 
the interrupt request distinguish bit is set(to “1”), no inter- 
rupt will be generated while the interrupt request disting- 
uish bit remains in the set state. For this reason, the inter- 
rupt request distinguish bit must be cleared by software in 
the interrupt service routine. 
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Note that only method of @ can be used in the M37413M4- 
XXXFP. 

Since the BRK instruction interrupt and the timer 6 or A-D, 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt or if timer 6 or A-D generated 
the interrupt. 


Table 1. Interrupt vector address and priority 


Reset SSC™C*~™”CSdSd SF ye, OF FEg | Non-maskabio 
SFFD ye SFFC i 

FINTs or key on wake up interrupt | _4 | SF 9a, FFB 
FF7101 _SFFE x 

























External interrupt 






















External interrupt 
External interrupt (INT2) 


(Non-maskable software interrupt) 


Interrupt request distinguish register 1 (OOEB,. address) 














Timer 6 or A-D interrupt 


3FF51¢, 3FF4 
(BRK instruction interrupt) 16 16 





Bit 7 : Serial |/O interrupt request distinguish bit 
Bit6 : Serial I/O interrupt enable bit 
Bit5 : Timer 2 interrupt request distinguish bit 
Bit 4: Timer 2 interrupt enable bit 
Bit3 : INT. interrupt request distinguish bit 
[ eer eee Pes aes Bit 2: INT interrupt enable bit 
Key on wake up register Bit 1 : Timer 3 interrupt request distinguish bit 
(Addresses O0EE1¢, 00D5;¢) Bit 0 : Timer 3 interrupt enable bit 
Interrupt request distinguish register 2 (OOEA;, address) 





Bit5 : INT; interrupt request distinguish bit 
Bit 4: INT3 interrupt enable bit 

Bit3 - A-D interrupt request distinguish bit 
Bit 2 : A-D interrupt enable bit 

Bit 1 : Timer 6 interrupt request distinguish bit 
BitO : Timer 6 interrupt enable bit 





interrupt control register (OOFE,.¢ address) 


Bit 7: INT, interrupt request bit 

Bit6 © INT, interrupt enable bit 

Bit5 : INT3 or Key on wake up interrupt request bit 
Bit 4 . INT3 or Key on wake up interrupt enable bit 
Bit3 . INT» or timer 3 interrupt request bit 

Bit 2 . INT or timer 3 interrupt enable bit 

Bit 1 : Timer 6 or A-D interrupt request bit 

BitO : Timer 6 or A-D interrupt enable bit 








Timer control register (OOFF,, Address) 


Bit 7 : Serial 1/O or timer 2 interrupt request bit 
Bit6 : Serial 1/O or timer 2 interrupt enable bit 
Bit 5 
Bit 4 
Interrupt request Interrupt disable flag | Bit 3 : Timer 2 count source selection bit 
Bit 2 : Timer 1 count source selection bit 
Bit 1 


}Timer 3 count source selection bit 


} Processor mode bit 


Bit 0 





Fig. 3. Interrupt control 
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TIMER 

The M37413M4HXXXFP has six timers; timer 1, timer 2, 
timer 3, timer 4, timer 5 and timer 6. 

A block diagram of timer1 through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 
OOFF,¢), as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
“0” and the next count pulse is input to a timer, the con- 
tents of the reload latch are loaded into the timer. The divi- 
sion ratio of the timer is 1/(n-+1), where n is the contents 
of timer latch. 

Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting- 
_uish register 1 or 2 (located at addresses OOEB,, and 


OOEA;, respectively) is set at the next count pulse after the: 


timer reaches “0” (see interrupt section). 

The starting and stopping of timer1 is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in- 
terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (00F8,, address). If the correspond- 
ing bit is “O”. the timer starts counting, and the correspond- 
ing bit is “1”, the timer stops. The timer4 overflow signal di- 
vided by 2 can be outputed from port P33 by setting the bit 
4 of the serial 1/O mode register (OOF6,, address) to “1”. 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 

(1) Timer Mode 

This mode is the 16-bit timer, and the count source is ¢/4. 
When the bit 6 of PWM control register (00F3,, address) is 
“4”, the timer6 overflow singnal divided by 2 is output from 
CNT>2 pin (common with P5,). 

(2) Event Counter Mode 

The count source is input from the CNT» pin. The count de- 
cremented each time the input goes from “L” to “H”. 

(3) PWM Mode 

As shown in Figure 6, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 

PWM output can choose among PWMO, PWM1, PWM2 and 
PWMs3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg- 
ister. 

When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 


When the count source is inputed from the external pin, the 


minimum pluse width should be 8ys. 

After a STP instruction is executed, timer 2, timer 1, and the 
' clock (¢divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
“1”, or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt request distinguish register2 
(timeri count stop bit), bit 5 of the interrupt request dis- 
tinguish register! and bit 6 and bit 7 of the timer control 


register must be set to “0”. And also bit 4 of the interrupt 
request distinguish register! must be set to “1”. For more 
details on the STP instruction, refer to the oscillation circuit 
section. 
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8 Data bus 
Xein C) 
si IF2, Timer 1 latch (8) 
Overflow flag (WC;) 
Xin & ang D be Timer 1 (8) i 
———_— 3] 





Timer 2 latch (8) 








IF1 *: Interrupt request distinguish register 1 
IF2 : Interrupt request distinguish register 2 
TC : Timer control register 

CM : Timer 4, 5, 6 mode register 

WC : PWM control register 

SM _ : Serial 1/O mode register 





Timer 2 interrupt request bit (IF 15) 


Timer 2 (8) Bi] 
Timer 3 latch (8) 


ney 





Timer 3 interrupt request bit (IF1,) 










P5,/CNT, 
P36/Ser os 
ae er Serial I/O counter Serial I/O interrupt request bit(IF1) 
SM, SM. SM, Cee ne ee ce 
P8s/Sour SN 5 aia ener ieee 
P34/Sin Serial 1/O register 


SM3 


P37/Saoy —<}— 





Overflow flag (CM,) 


_ 
~~ 
nN 


ae i . Timer 4 (8) =a 
tt 


P33/T | 






P52/CNT2 





Timer 6 interrupt request bit (IF2, ) 






WC, 
P5,/PWMO—<) 


P5;/PWM1 4 





P5./PWM2 <q 


P5,/PWM3 C| 


Note The abridgment of timer control register is changed to TC => 


The abridgment of timer 4, 5, 6 mode register is changed to CM Select gate : at reset, shaded side is connected 


Fig. 4 Block diagram of timer 1 through 6 
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00 
01 
0 
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ds 


Timer control register 
(Address O0FF;¢) 


Processor mode bit 


: Single-chip mode 
: Not used 
: Not used 
: Not used 


Timer 1 count source selection bit 


0 
1 


: ¢ divided by 4 
: Clock for clock function (Xcin) 


Timer 2 count source selection bit 


0 
1 


: Timer 1 overflow 
: Clock for clock function (Xcin) 


Timer 3 count source selection bit 


00 
01 
10 


: ddivided by 4 
: Timer 2 overflow 
: CNT, input 


Serial |/O or timer 2 interrupt enable bit 


0 
1 


Serial 1/O or timer 2 interrupt request bit 


0 
1 


: Interrupt inhibit 
: Interrupt enable 


- No interrupt request 
: With interrupt request 


7 0 
eA cb eed Timer 4,5,6 mode register 
(Address 00F8,,) 
INT, input polarity selection bit 
0 : Interrupt request by falling edge 
1: Interrupt request by rising edge 
INT. input polarity selection bit 
0 : Interrupt request by falling edge . 
1 : Interrupt request by rising edge 
INT; input polarity selection bit 
0 : Interrupt request by falling edge 
1 : Interrupt request by rising edge 
Timer 4 count stop bit 
Q : Count start 
1: Count stop 
Timer 4 overflow bit 
0: No timer 4 overflow 


1: With timer 4 overflow 
Timer 5,6 mode bit 


00 : Timer mode (count source ¢/4) 
01 : Event counter mode 
10 : Pulse width measurement mode (count source ¢/4) 


11 : Pulse width measurement mode (count source ts overflow of timer 4) 
Timer 5,6 count stop bit 


0 . Count start 
1 = Count stop 


Fig. 5 Structure of timer control register and timer 4,5,6 mode register 
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PWM 
M37413M4HXXXFP has a pulse width modulated (PWM) 
output control circuit connecting with timer5 and timer6. 


Figure 5 shows the structure of timer 4,5,6 mode register, 
Figure 6 shows the PWM rectangular wave form and Figure 
7 shows the structure of PWM control register. 


PWM 


: 0 
ae as PWM control register 


(OOF3,,. address) 


wave form ,timer6)_ timer 5 
timer 5+timer 6 


P5,/PWMO selection bit 
0: P5, 
1: PWMO 
P5,/PWM1 selection bit 
Fig.6 PWM rectangular wave form a = ! ! 
: 5 
1: PWM1 
P5./PWM2 selection bit 
0: P5.¢ 
1 > PWM2 
P5-/PWMs3 selection bit 
0: P5, 
1: PWM3 
P5;/SIG selection bit 
0: PSs 
1: SIG 
Timer 1 overflow flag 





P5./CNT> selection bit 
0: P5, 
1: CNT, 





Fig. 7 Sturcture of PWM control register 
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SERIAL I/O 

The block diagram of serial |/O is shown in Figure 9. In the 
serial |/O mode the receive ready signal (Sapy), synchro- 
nous input/output clock (CLK). and the serial I/O (Sour, 
Sin) pins are used as P3;, P3g, P35, and P34, respectively. 





FUNCTION OF SERIAL 
REGISTER 
The serial |/O mode register (address 00F6,,) is an 8-bit 
register. Bit 1 and O of this register is used to select a syn- 
chronous clock source. When these bits are (00) or (01), 
an external clock from P3, is selected. When these bits are 
(10) , the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
(11], the internal clock ¢ divided by 4 becomes the clock. 
Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is “1”, P3g becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3.. If the exter- 
nal synchronous clock is selected, the clock is input to P36.. 
And P3s will be a serial output and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3,, to “0”. For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to “1”, if it is “O” 
P3g_ will function as a normal I/O. Bit 3 determines if P37 is 
used as an output pin for the receive data ready signal (bit 
=“1”", Sapy) or used as a nomal I/O pin (bit 3=“0”). 


/O MODE 





OPERATION OF SERIAL I/O 

The function of serial |/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock — The Srpy signal becomes “H” during 
transmission or while dummy data is stored in the serial I/O 
register. After the falling edge of write signal, the Sarpy sig- 
nal becomes low signaling that the M37413M4HXXXFP is 
ready to receive the external serial data. The Sapy signal 
goes “H” at the next falling edge of the transfer clock. The 
serial 1/O counter is set to 7 when data is stored in the se- 
rial 1/O register. At each falling edge of the transfer clock, 
serial data is output to P3,. During the rising edge of this 
clock, data can be input from P3, and the data in the serial 
I/O register will be shifted 1 bit. Data is output starting with 
the LSB. After the transfer clock has counted 8 times, the 
serial 1/O register will be empty and the transfer clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 

External Clock — If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. When the external clock is chosen, the 
P3. pin must be held at “H” level while the serial I/O is not 
used. 

Timing diagrams are shown in Figure 10, and connection 
between two M37413M4HXXXFP’s are shown in Figure 11. 











(00F64., address) 


7 0 / 
Pe te oh ded Serial |/O mode register (SM) 


Synchronous clock selection bit 
00 : 
Ora 
10 : Timer 3 overflow signal divided by 2 
11: Timing ¢ divided by 4 


External clock 





Serial I/O port selection bit (P35, P3,) 
0 = Normal !/O port 
1: Serial 1/O port 
Sarpy signal output selection bit (P3-) 
0 = Normal |/O port 
1: Spoy signal output pin 
T/P3., selection bit 
0 < Normal I/O port 
: en 
Xcin» Xcout/P39, P3, selection bit 
0 : Normal I/O port 
1° Xcin, Xcour 
Unsystem clock operation bit 
0 > HALT 
1 : Operation 
INT, input level 





Fig. 8 Structure of serial I/O mode register 





MITSUBISHI 


3-180 ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37413M4HXXXFP 
M37413M6HXXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Divider 


Internal From internal clock divided by 4 
clock or timer 2 or CNT, input Timer 3 (8) pelle ae 1 
(Address 00FB,.) IStINg eg 


O-— 


Prescaler 
1/2 


iz Serial 1/O counter (3) Interrupt request 


& distinguish register 1 
Transfer clock 
4. 


ea J _a_—as 
eS a MSB Serial !/O register (8) LSB 


2 (Address 00F7,.¢) ig 
& Data bus 


Serial |/O mode register 
(Address O0F6,,) 


Synchronous clock selection bit 
00 : 

Q1: 
10 : Timer 3 overflow signal divided by 2 
11 : Timing ¢ divided by 4 


External clock 


Serial |/O port selection bit (P35, P3g) 
0 : Normal I/O port 
1: Serial 1/O port 


Srpy Signal output selection bit (P3,) 
0 : Normal I/O port 
1: Sapy signal output pin 





Fig.9 Block diagram of serial I/O 
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Synchronous clock LTLAFLFLFLIF LILI LPL LS LI LI LS 


Transfer clock 


Serial |/O register write 
signal 


Serial {/O output 
Sout 


Serial I/O input 
Sin 


Receivable signal 


Sarpy 


Interrupt request bit set 





Fig. 10 Serial 1/O timing 


Sending side : Receiving side 


Serial |1/O mode register Serial |/O mode register 


P37 
bit 3 bit 0 bit 3 bit 0 


ott fel es a 


Set the directional Set the directional 
; Synchronous clock 
register for P37 pin P36, register for P3, pin 


in input mode in input mode 


Serial data 





Fig. 11 Example of serial |1/O connection 
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A-D CONVERTER 

The A-D converter circuit is shown in Figure 12. One of the 
eight analog input ports of the A-D converter (INo~IN7) are 
selected by bits 0, 1 and 2 of the A-D control register. The 
IN pins, not to use as analog input, uses as input port. 

Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 13. A-D conversion is accomplished by first 
selecting bit 3 and 4 of the A-D control register (address 
OOF2,¢) for the source of Veer. And also the analog input 
pin is chosen by the analog input select bit of the A-D con- 
trol register. A-D conversion starts by writing a dummy data 
to the A-D register or changing the input level from SIG pin 
“H” to “L”. When A-D conversion is finished, an interrupt is 
generated. After A-D interrupt is accepted, the result of 
A-D conversion can be read from the A-D register. 

Note that the A-D conversion must to be started to convert 
after the reference voltage reaches stable level. 


A-D control register 
(OOF2,¢ address) 


Analog input selection bit 
000 : INo 100 : IN, 
001 : IN, 101: INs 

' 010: IN, 110° INg 
011 > IN, 111° IN7 

Vrer input selection bit 

0: OFF 
1: ON 


Vrer source selection bit 
0: Vaer pin 
1° AVoc 


System clock ¢ selection bit 
00 > Xin/16 
01 > Xin /4 
10 = Xcow/2 
11° Xciw/2 


External A-D start enable bit 
0: Inhibit 
1: Enable 





INoC ) 
IN; C ) 
INoC ) 
IN3C ) 
P4o/IN4C ) 
P4,/INs(_) 
P42/IN6(_) 


P43/IN7(_) 


Fig. 12 A-D converter circuit 
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Fig. 13 Structure of segment control register 


Data bus 


A-D control register 
(O0F2,, address) 


A-D interrupt request bit 


A-D control 


circuit A-D control register 
(00F2,, address) 


Successive 
approximation 
Comparator register 


(A-D Register) 
(OOEF,., address) 





' 
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KEY ON WAKE UP 

“Key on wake up” is one way of returning from a .power 
down state caused by the STP or WIT instruction. 

When the key on wake up option of port P2 and port P7 are 
designated and key on wake up interrupt enable bit (IC,) 
is set to “1”, if the key on wake up option pin of port P2, P7 
have “L” level applied, key on wake up interrupt is gener- 
ated and the microcomputer is returned to the normal oper- 
ating state. 

When the bit 4 of PWM control register (address 00F3,,) is 
set to “1”, the pulse shown in Figure 14 is outputed from 
P53 pin. 


Timer 1 and Timer 2 count 


P53/SIG pin 


i: f 


Key on wake up input 


Stand-by release 





As shown in Figure 15, if the key matrix of active “L” to in- 
put port P2, P7 are constructed, the microcomputer is re- 
turned to normal operating state by the key push. Refer to 
the section of interrupt how to use the key on wake up 
function. In order to enter the power down state generated 
by the STP or WIT instruction at the interrupt disable flag 
(1) is “O” and IC, is “1”, the input designated as key on 
wake up by option in port P2, P7 must be all “H”. 


Fig. 14 Output from the SIG pin at wake up from the stop state 
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PT TP Td ye P7 key on wake up register SRR EE P2 key on wake up register 
(00D5,, address) (O0EE,, address) 


aie eeee (a ee” 
PES aie) He eae — > Interrupt contro! register 


IE a 
Port P27 
directional register 


Voc 
(Note) Er . > 
Option 
Port P2 data 
read circuit 
Port P2, 
directional register 


Port P77 
directional register 













Port P7 data 


read circuit 






Port P7, 
directional register 





Port PX 
“L” level output 


Note : In the M37413M4-XXXFP and M37413M6-XXXFP, each bit can be set to either 
enable or disable key on wake up by a pull-up resistor(mask option) In the 
M37413E6-XXXFP and M37413E6FS, all bits are set to enable key on wake up 


Fig. 15 Block diagram of port P2, P7 and example of wired at used key on wake up 
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RESET CIRCUIT 

The M37413M4HXXXFP is reset according to the sequence 
shown in Figure 18. It starts the program from the address 
formed by using the content of address 3FFF,, as the high 
order address and the content of the address 3FFE,, as the 
low order address, when the RESET pin is held at “L” level 
for no less than 16 us while the power voltage is between M37413M4HXXXFP 
4 and 5.5V and the crystal oscillator oscillation is stable and 
then returned to “H” level. 

The internal initializations following reset are as shown in 
Figure 16 regardless of the status before reset (including 
stop mode or wait mode). 

An example of the reset circuit is shown in Figure 17. 

When the power on reset is used, the RESET pin must be 
input “H” after the oscillation of X;y-Xoyr becomes stable. 


Address 





Port PO directional register (DO) (E116):*- 0046 Fig. 17 Example of reset circuit 








Port P1 directional register (D1) (E3;,6) - 0046 








Port P2 directional register (D2) (E5j5)°:° 006 








Port P3 directional register (D3) (E96)°:: 0016 j 





Port P5 directional register (D5) (ED,,):-- 0046 


Port P6 directional register (D6) (D1i_)-*: 0016 | 


——-l 














Port P7 directional register (D7) (D3i,)-°: L 0016 








Interrupt request distinguish register? (IF 1) (EByg):°: 0016 


Interrupt request distinguish register 2. (IF2) (EA,g)-°- 0016 


PWM control register (WC) (F316)** }0f0}0}0]/0} 0/0] 





Serial 1/O mode register (SM) (F6j,¢):°° =|0/0]0}0{0/o| 0 


Timer 4, 5, 6 mode register (CM) (F8,,):° 


| 0016 


=r, 








Interrupt contro! register (IM) (FEy.)°* 0016 








Timer control register (TC) (FFig)*: lL 00:6 


_| 
A-D control register (AC) (F2i6)°** | 0 }0/ 0} 0] 0|—|— _ 








—!|1/-i- 


Processor status register 





Contens of address =a] 


Program counter (PCy)-> een 








Rae Contens of address | 
(PC,) 3FFE16 | 
: Since the contents of both registers other than those listed 
above (including timers, A-D control register and the serial I/O 
register) and the RAM are undefined at reset, It is necessary to 
set initial values 











Fig. 16 Internal state of microcomputer at reset 
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Fig. 18 Timing diagram at reset 
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Magnifying diagram 


(2 XK 2] X00, $X00.8-1)\00.S-2 FFE XX SFFF KO. AD) 
Reset address from 
ble 
CX? XK PCuX POLK PSX ADL ADH) ee 


Note 1: Frequency relation of f(Xin) and gis f(Xin) =16°¢ 
2: The mark “?” means that the address is change- 
able depending upon the previous state 
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/O PORTS 


(1) 


8-186 


Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address QOE0;,. Port PO’s directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
O00E1,;¢) can be programmed as input with “0”, or as 
output with “1”. When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. This port can be 
built in a pull-up resistor option when it is used as a in- 
put port. 

Port P1 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option when it is used as a input port. 
Port P2 

Port P2 has the same function as PO. The output struc- 
ture is CMOS outputs. This port can be built in a pull- 
up resistor option when it is used as a input port. Fol- 
lowing the execution of STP or WIT instruction, key 
matrix with port P2 can be used to generate the inter- 
rupt to bring the microcomputer back in its normal 
state. The pin to be used as the key on wake up must 
be with key on wake up option and its value in direc- 
tional register must be “OQ”. 

Port P3 

Port P3 has the same functions PO except that part of 
P3 is common with the serial I/O, output of timer4, 
clock oscillation of timer clock and interrupt input. 

The output is N-channel open drain. This port can be 
built in a pull-up resistor option. When P39 and P3, pins 
are used for Xcin input, pull-up is inhibited. 

Port P4 

Port P4 is an 8-bit input port. P49 ~P43 are in common 
with the IN4~IN7. This port can be built in a pull-up re- 
sistor option when it is used as a input port. 

Port P5 

Port P5 has the same functions as PO except that part 
of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. This port can be built in a pull-up resistor 
option. 


(7) 


Port P6 

Port P6 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option. 

Port P7 

Port P7 has the same function as PO. The output struc- 
ture is CMOS outputs. This port can be built in a pull- 
up resistor option when it is used as a input port. Fol- 
lowing the execution of STP or WIT instruction, key 
matrix with port P7 can be used to generate the inter- 
rupt to bring the microcomputer back in its normal 
state. The pin to be used as the key on wake up must 
be with key on wake up option and its value in direc- 
tional register must be “0”. 

Analog input( IN g~IN7) 

This is a port for an analog input of A-D converter. IN, 
~IN7 are in common with the P4p~P4s3. 

INT, 

The INT, pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 of address OOFE;,) is set to “1” 
when the input level of this pin changes from “H” to “L” 
(or “L” to ”H”). This input level is read in the bit 7 of 
serial I/O mode register (address 00F6,,). 
INT2(P32/INT2) 

The INT2 pin is an interrupt input pin common with P3bz. 
When P3,’s directional register is set for input (“0”) , 
this pin can be used as an interrupt input. The INT» in- 
terrupt request bit (bit 3 of address OOEBy,,) is auto- 
matically set to “1” when the input level of this pin 
changes from “H” to “L” (or from “L” to “H”). 

INT3( P59/INT3) 

The INT3 pin is an interrupt input pin common with P5o. 
The other functions are the same as INT». 
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Port PO 
CMOS output 


* Port Latch ; 
eames) 


| 


Tr1 is pull-up transistor at input (mask option) 


Voc 
Port P1 
Tr2(mask option) 


E Directnonal Register 


zg ia 
O 

ort Latch 
Rawases: a 


ae: 


Port P2, P7 j Veo Veco 


Pua 
| 
|] 


Interrupt control circuit 
Tr3 ts pull-up transistor (mask option) 


Directional Register 


Port Latch 


Data bus 


Port PO 
Vec 
i I 
eras anemia 
4 
es 






Port P1 


Data bus 
N-ch open drain 














mask option 






Tr3 


Port P2, P7 


Data bus 
CMOS output 


Voc 


Port P3,, P59~ P53 


eke 


mask option 








Port P31, P5o~ P53 


N-ch open drain 


Data bus 







4 





Internal circuit 
Tr4 is pull-up transistor (mask option) 


Fig. 19 Block diagram of ports PO~P2, P3,, P5g~P53 and P7 





¢ MITSUBISHI Ane 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


M37413M4HXXXFP 
M37413MG6GHXXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





Port P80, P32~P37, Vec 


P54~P57, P6 ug 
i 
> Tr5 

= Port latch 2 





mask option 






Data bus 







Port P35, P3.~ P3,, 


PS4~ P57, P6 
Tr5 1s pull-up transistor (mask option) 
Voc 
Port P44~ P4, Voc 
| Tr6 
bead mask option 
Data bus 
Port P4 
Tr7 ts pull-up transistor (mask option) 
li 
Analog input INgo~INs v 
A-D converter circuit "+0 Analog ee IN 
are 
Voc Voc 


Analog input IN4~IN7 (P49~P43) IN/P4 selection 








mask option a 
Vss 
| mask option 
A-D converter circuit —| 
IN4g~INz 
(P4p~P4s) 
Data bus 
Data bus 
iNT) INT, 


CPU interrupt control circuit ‘ 


RESET ——_____—{j}+-—0__ 
RESET 


Fig. 20 Block diagram of ports P39,P32~P3,7, P4, P54~P5;, P6, analog input port IN, INT,, RESET 
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CLOCK GENERATING CIRCUIT 

The M37413M4HXXXFP has two internal clock generators. 
Figure 23 shows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin Xiy 
divided by 16 is used as the internal clock (timing output) 
¢. The internal clock ¢ can be changed to 1/4 the frequen- 
cy applied to the clock input pin Xi or 1/2 the frequency 
applied to the clock input pin Xciw. When Xoin/2 is 
selected, the pull-up option to P39, P3, pins are inhibited. 
These signals can be changed via bitS (ACs) and bit6 
(AC,) of the A-D control register. When AC, and ACs are 
[00], the internal clock is chosen Xi\/16. When they are 
[01] , the internal clock is chosen X,y/4. When they are 
[10] and [11], the internal clock is Xciy/2. The one of 
clock Xj and clock Xin, isn’t in use for the internal clock 
(none system clock), stops when the bit6 (SMg) of serial 
I/O mode register is “O”. In order to restart the clock as the 
internal clock, SMg is set to “1” and wait until the oscillation 
becomes stability by the software then the internal clock is 
chosen ACg and ACs. 

The M3/7413M4HXXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both Xj clock and Xcin clock) stops with the internal 
clock ¢held at “H” level. In this case timer 1 and timer 2 
are forcibly connected and ¢/4 is selected as timer 1 input. 
When restarting oscillation, the internal clock ¢is held “H” 
until timer 2 overflows and is not supplied to the CPU. So 
set the suitable value for timer 1 and timer 2 in order to en- 
able the oscillator to stabilize. Before executing the STP in- 
struction, the timer 1 count stop bit (IF27) must be set to 
supply (“0”), timer 2 interrupt enable bit (IF 1,4) of interrupt 
request distinguish register 1 must be set to enable (“1”), 
timer 2 interrupt request bit (IF1;) of interrupt request dis- 
tinguish register 1 must be set to “0”. And serial |/O or tim- 
er 2 interrupt enable bit (TC,) and serial |/O or timer 2 in- 
terrupt request bit (TC7) of timer control register must be 
set to “0”. 

Oscillation is restarted (reset stop mode) when an external 
interrupt is received. The interrupt enable bit of the inter- 
rupt used to reset the stop mode must be set to “1”. 

The microcomputer enters a wait mode when WIT instruc- 
tion is executed. The internal clock ¢ stops at “H” level, but 
the oscillator does not stop. ¢is re-supplied (wait mode 
reset) when it receives an external interrupt or internal tim- 
er interrupt. Instructions can be executed immediately be- 
cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 
“1” before executing the WIT instruction. . 

When the interrupt is accepted and after the interrupt sub- 
routine is executed, the next instruction to STP or WIT is 
executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 


Transition of states for the system clock is shown in Figure 
24. The change order of the internal clock is shown in Fi- 
gure 24. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 

Figure 21 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer’s recommended 
values for constants such as capacitance which is unique 
for each oscillator. There are slight differences in constants 
in the M37413M4HXXXFP and M37413M6HXXXFP. If using 
one of these chips in applications such as high-precision 
clocks, ask the resonator manufacturer for measurements of 
these constants. When using an external clock signal, input 
from the Xi(Xcin) pin and leave the Xour(Xcour) pin open. 
A circuit example is shown in Figure 22. 


M3741 3M4HXXXFP 


Xin Xout 


cle Slee i Le 





Fig. 21 External ceramic resonator circuit 


M37413M4HXXXFP 
Xin Xout Xcin Xcour 


29 23 
External 
oscillating 
circuit or 
external pulses 


Ves 


External Open 
oscillating 
circuit 


Vss 





Fig. 22 External clock input circuit 
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Timer 1 


Unsystem clock count source 
operation SMe selection TC, 
internal system 


D— SM , 
ox : clock source >: Timing ¢ 
ACs (Internal Clock) 


selection 
ACs, ACg 


ot 
oe Reset 
RE STP WIT R R STP instruction 


instruction instruction 


C | Reset 


i Interrupt disable flag | 
INT, interrupt enable 


INT, interrupt request 


C | Serial !/O or timer2 interrupt enable 
Serial 1/O or timer2 interrupt request 


INTs or key on wake up interrupt enable 
INT; or key on wake up interrupt request 
INT» or timer3 interrupt enable 
INT. or timer3 interrupt request 


Timer6 or A-D interrupt enable 
Timer6 or A-D interrupt request 





Fig. 23 Block diagram of clock generating circuit 





3-192 





MITSUBISHI MICROCOMPUTERS 


M37413M4HXXXFP 
M37413M6HXXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 










































































WIT C WIT 

instruction — instruction 
8MHz oscillation ACs="1"—“0” bait mode 8M#z oscillation 
32kHz stop 8MHz oscillation Se cHIAHOR 32kHz stop 
Timers action ¢=500kHz $=2MHz Timers action 

Interrupt Interrupt 

STP instruction STP Instruction 
Interrupt Interrupt 
8MHz stop 
SMs=“0"-"1” SMs5="1"-"0” 382°kKHz stop SMs,=“0"- “1” SMs="1"—"0” 
SM.=“0"-“1" SM.s=“1"-+"0” J step SM,=“0""1” SM,="1"-“0” 
Interrupt Interrupt 
STP instruction STP instruction 
WIT WIT 

instruction instruction 
8MHz stop 8MHz oscillation eee Lae 8MHz oscillation 8MHz oscillation 
32kHz oscillation 32kHz oscillation Rose ee’ 32kHz oscillation 82kHz oscillation 

¢=stop - ¢ stop 

Timers action me ACs=“0">"1" Timers action 

Interrupt Interrupt 












instruction instruction 






8MHz stop 
32kHz stop 
¢@ stop 


8MHz oscillation 

32kHz oscillation 
¢= stop 

Timers action 


8MHz oscillation 
32kHz oscillation 


$= 16kHz 





Interrupt Interrupt 
SMs=“0"-+“4 ” SM.= ao | r—»ig” 
G WIT F STP 


instruction 3 instruction 
Low-speed 8MHz stop 


32kHz stop 


Clock mode 
32kHz oscillation 


@ stop 


Timer action ¢ stop 


~=16kKHz 





Interrupt Interrupt 


The case of example clock Xijy=8MHz, clock Xcoiw=32kHz. ¢ is Internal clock 

Note : When a stop mode 's canceled, wait time occurs automatically by connection of timers 1 and 2 This time can be set by program. 
When SM.~+1, unsystem clock is operated and system clock is changed, wait time necessary by program until oscillation becomes stable 
Return to the normal mode once in case changed to the low-speed mode from the normal mode 
Also return to the high-speed mode once in case changed to the low-speed mode from the high-speed mode 


Transitions BED and D--E-~B are not possible 


Fig. 24 Transition of states for the system clock 
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PROGRAMMING NOTES 


(1) 
(2) 


The frequency ratio of the timer is 1/(n-+1). 

The count value of timers 1, 2, 3, 4 can be read at an 
arbitrary timing when the timing ¢ divided by 4 or timer 
overflow is input to these timers. If Xciy or CNT, input 
is input to these timers, the value of timer 1, 2, 3, 4 
must be read only when the input of timers is not 
changing or the timer count is stopped. 

Also the count value of timers 5, 6 which are used in 
the event counter mode must be read when the exter- 
nal input is at the “L” level. When timers 5, 6 are used 
in the timer mode, the count value of these timers can- 
not be read. 

Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 


(4) @ After the ADC and SBC instructions are executed (in 


(5) 


decimal mode) , one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD in- 
structions are executed. 


(2) In decimal mode, the negative (N), overflow (V) and 


zero (Z) flags are invalidated. 
A NOP instruction must be used after the exection of a 
PLP instruction. : 


(6) @ The timer 1 and timer 2 must be set the necessary 


(7) 
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value immediately before the execution of a STP in- 
struction. 
Also the following conditions must be satisfied: 
* Timer 1 count stop bit is set to “0” 
¢ Timer 2 interrupt enable bit is set to “1” 
¢ Timer 2 interrupt request bit is set to “O” 
¢ Serial |/O or timer 2 interrupt enable bit is set to “0” 
° Serial I/O or timer 2 interrupt request bit is set to “O” 


(2) To restart oscillation when it is stopped by STP in- 


struction or unsystem clock operation bit, wait for a 
specified time which is needed for the oscillator to 
stabilize. 


(3) Connect {/O ports which are in input mode to Voc or 


GND to get less power supply current after execut- 

ing STP or WIT instruction. Connect P5g~P53 to Voc 

or GND also in output mode. 
Some instructions can be used to write contents of the 
interrupt request distinguish register 1, 2. If the SEB or 
CLB instruction or a set of instruction that acts as the 
SEB or CLB instruction (for instance, LDA TC-+SEB 7, A 
+STA TC) is used, an interrupt request which is input 
during execution of these instructions may be cleared. 
Therefore, these instructions should be used only when 
there is no problem even if such an interrupt request is 
cleared. Usually, the LDM instruction or STA instruction 


is used. Especially to write contents of the interrupt re- 
quest distinguish register 1, 2, use the flow chart as 
shown in Figure 26. 

After switching the serial I/O transfer clock, initialize 
the serial |/O counter (write to address 00F7;.). 

To use an external clock as the serial I/O transfer 
clock, initialize the serial |1/O counter when the external 
clock is “H” level. 

To use the P3, and P3, pins as the I/O pins of the 
clock for clock function, do not use the pull-up resistors 
by option. 

If using the A-D converter, supply power to the Vrer 
pin(set bits 3 and 4 of address OOF2,¢), and make sure 
that the voltage of the Vrer pin has stabilized before 
activating the A-D conversion. 


Interrupt 
Register push 


Interrupt process 
Clear IF2, 


Register pop 





Fig. 25 Flow to write interrupt request distinguish 


registers 
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DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) = 1@)\V, me |-\ ¢; Meee err EPROM 3sets 
Write the following option on the mask ROM confirmation 
form 


¢ Port PO pull-up transistor bit 
Port P1 pull-up transistor bit 
Port P2 pull-up transistor bit 
Port P3 pull-up transistor bit 
Port P4 pull-up transistor bit 
¢ Port PS pull-up transistor bit 
¢ Port P6 pull-up transistor bit 
¢ Port P7 pull-up transistor bit 
¢ Port P2 key on wake up 

¢ Port P7 key on wake up 
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ABSOLUTE MAXIMUM RATINGS 
Conditions Ratings | Unit 


Analog supply voltage Vec=AVoo 7 
t | y , 

. V 

3 Vv 

Vv 

V 










Input voltage PQ 9~P07, P29~P27, P39, P3;, P49 ~P 43, 
—(; 3~Voco+0 3 
P7o~P77, INo~IN7, Veer, Xin 
Input voltage CNVss 


Output voltage POo~P07, P29~P27, P8o, P3), 
P7,~P7,, ape —0., 3~Voct0 3 


| Vo ___| Output voltage Pto~Ptz, P32~PS,, PSy~P5r,P6o~PG, (Nolet) | = es si(‘éSOSCSC;*dLSCO#C™OUBNSIOC‘*d’ 
Storage temperature Le aaa ne ee 


Note 1 : When these ports are built in a pull-up resistor option, the value is —0. 3~Voc+0. 3V 


: 7 
a=? 
ems Be ee 3~7 FE 
Vv Input voltage INT;, RESET, Ptp~P17, P32~P3,, 
P5o~P57, P69~P67 (Note 1) —0. 3~10 
= | Vv 
300 


Oo 
oO 





o 











RECOMMENDED OPERATING CONDITIONS (Vcc=2.5~5.5V, Vss=0V, Ta=—20~75, unless otherwise noted) 


Symbol Parameter Conditions 


f(Xiy) = 8 MHz High-speed mode 
Supply voltage (Note 1 ) f(Xjy) == 8 MHz Normal mode or 
f(Xiy) = 2 MHz High-speed mode (Note 2 ) 








Supply voltage 
“H” input voltage P0y~PO7, P3p, P3;,P4>~P47, | 

CNVsg (Note 3 ) 
“H” input voltage P29~P2, 


cc 
ss 
Vin 
Vin 
Vin “H” input voltage Pi 9~P17, P5;~P57, P6g~P67, Sin 
Vin 
Vin 
Vit 
Vit 
Vie 





“H” input voltage RESET, Xin, Xcin 


“L” input voltage PQ9~P07, Plo~P17, P3,, P3:, 
P49~ P43, P5,~ P57, P69~P6r, SIN 

“L” input voltage P29~P27, P32~P37, P59, INT), 
INT2, INT3, CNT;, CNT2, SIG, CLK 


Vn | “L" input voltage RESET, Xn, Xcin 0. 15Vcc 


V 
“H” output current PO ~P07, P29~P27, P7p~P77, 
—| mA 
Xour (Note 4 ) 
“L” output current PQ g~P0Q7, P2o~P27, P389~P3;, 
P5o~P57, P69 P67, P7o~~P77, 1 mA 
Xour (Note 5 ) 


“L” output current P1p~P17 (Note6 ) 


f(Xin) Clock oscillating frequency 
f(Xoin) Clock oscillating frequency for clock function 


Note 1 : When only maintaining the RAM data, minimum value of Voc is 2 V 
2 : We say the high-speed mode, when the system clock is chosen Xiy/4, and the low-speed mode, when the system clock is chosen Xiy/16 
: When P83, ts used aS Xoin, Vi and Vit of P38, is 0 85VocSVinSVoc and OSV), $0 15Vcc 
The total lou(peak) Of port PO, P2, P7 and Xour Is less than 35mA. 
The total lon(peak) Of port PO, P2, P3, P5, P6 and P7 Is less than 32mA 
The total peak current of lo, of port P1 is less than 80mA and the average current of total lo, of port P1 1s less than 40mA 


V 
V 
“H” input voltage P3.~P37, P59, INT;, INT2, INTs, 
CNT;, CNTo, SIG, CLK 

















om & Ww 
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ELECTRICAL CHARACTERICS (vss=0v, Ta=—20~75°C, unless otherwise noted) 


Limits 
Vec=5V, lon=—0. 3mA 
“H” output voltage Xour =e 2 se V 
Vec=3V, lon= —0. ImA . 












Parameter 


















ie) 
> 





Voc=5V, lop =20mA 
“L” output voltage Pig~P17 
Voc=3V, loc=10mA 
Voc=5V, lo. =0. 3mA 
“L” output voltage Xour a = 
Vec=3V, lop =0. ImA 
y y Hysteresis INT,, INTs, INT3, CLK, CNT;, CNTo, Voc=5V 
Tete SIG, Sin, P2o~P27, P7o~P77, Xen Veo=3V 
————_— Voc=5V 
V++—V+7— | Hysteresis RESET 
Vec= 
Vr4—V;— | Hysteresis X Moar 
—Vy- steresis 
Tt Vr y IN Voc=3V 


“L input current {POo~P0z, Plo~P17, P29~ P27, P39~ P37, P49~P4z, Voec=5V V.=0V 
P5o~P57, P69~P67, P7o~ P77} without pull-up Tr, 
(Note 1), INT;, RESET, Xin 


“H” input current POg~P07, P29~P27, P39, P3:, Vec=5V V\=5V A 
P4o~ P4,, P79~P77, Xin; Xcin, CNVss Voc=3V V,=3V a es : 





— 





V “H” output voltage POQ9~P07, P29~P27, P79 ~P7 V 
Vou 
“L” output voltage PO 9~P07, P29~P27, P89~P37, P59~P57, Voc=5V, lo-=1mA 
VoL P69~P6r, P79~P77, T, Sout, CLK, 
Sapy, SIG, PWMO~PWM3 Veo=3V, lo.=0. 5mA 
Voi 
Voit 








w 
< 


o/-| |o|e 
O1/ PO; RN] O17 N 


0. 35 


Vec=3V V,;=0V 








mn] wo] on 
is 
> 





“H” input current {P1p~P17, P3o~P37, P5p~P57, P6y~P67| 
without pull-up T,, INT;, RESET Vi 0V 10 uA 


Pull-up Tr P0o~PO7, Plo~P17, P2o~P2y, Voc=5V, V=0V 12 - 


P39~P37, P4y~P4g, P5p~PS; Voc=3V, Vi=0V 25 | 50 | 100 | 
(Xin) =8MHz High-speed mode Voc=5V | 6 12 
at operation f( Xin) =8MHz Normal mode Voc=3V fF ot] 4 | mes 


loc Supply current (Note 2) f(Xin) =8MHz, Voc=3V PTB ma 
at wait mode 
(Xen) =32kHz, Voo=3V | 4 2 | 


Ta=25 ee es vA 
at stop mode T.=5C ES a 
a= 


Note 1: Also the same when each port is used as INTo, INTs, CNT,, CNTo, SIG, Sin and Xcin, respectively. 
2 : 1/O ports or input ports are connected to Vcc Output ports are opened 
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A-D CONVERTER CHARACTERISTICS (Voo=5V, Vss=AVss= 0V, Ta=25°C, f(Xin)= 8 MHz, unless otherwise noted) 


ymbo arameter 
Typ | Max._| 
Resolution 


Voc=Vrer=5. 12V 
Non-linearity error 
Voc= Vrer=3. 072V 


Te 
Vin 













Test conditions 


Differential non-linearity 








- 
” 
w 


Zero transition error 





Voc™Vrer=3. 072V 

Voc™ Vrer=5. 12V 

Voc= Vrer=3. 072V 

Vec=2. 5~5. 5V High-speed mode 
Voc=2. 5~5. 5V Normal mode 
Vrer=9V 

Vrer=3V 

Vin=0~ Vee 

Voc=2. 5~5. 5V 





r 
n 
188) 


Full-scale transition error 


nh 
SS 
ao 
= 
=s 
-_— 
= 
z 
~~ 


. 
” 





Conversion time 


Voc= Vrer= 3. 072V 


Voc= Vrer=5. 12V 
REF 


00/(Xin) 








Reference input current 


a 
> 


= 
> 





Analog port input current 


Veo 
Ve 


Analog input voltage 


Vrer 





w|2 
og 


2 
oO 





Reference input voltage 
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DESCRIPTION 

The M37414M5-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic molded QFP. 

This single-chip microcomputer is useful for household ap- 
pliance and other consumer applications. 

In addition to its simple instruction set, the ROM, RAM, and 
1/O addresses are placed on the same memory map to en- 
able easy programming. 


FEATURES 
r Number of basic instructions wee e merce rece reece ee rnecseeteacsees 69 
e Memory size ROM Sn ee 10240 bytes 


RAM S eveichW Ailb: O60 cpr ae a eseies Wie wie exa jee Brele eee ware oe 160 bytes 
@ Instruction execution time 
neites 2us (minimum instructions at 4MHz frequency) 


@ Single power supply f(Xiy)=4MHzZ- 5V+10% 
@ Power dissipation 
normal operation mode (at 4MHz frequency) ----15mW 

@ Subroutine nesting «st 80 levels (Max. ) 
e@ Interrupt Perera eee eee eee ee eee 7 types, 5 vectors 
@ 8-bit timer rere eer eee eee ee ee eee ee ee re ee ee ee eee eee ie 4 
@ Programmable !/O ports 

(Ports PO, P1, P2, P3, P4, P7) wierd Mae howe MEY Od bre Oaw oseeies 46 
@ Input port (Port P5) apes stats A tacs oh On SUS wale elsele oars ane Sees Paw he 8 
@ Output port (Port PG) <criteria 5 
@ Serial |/O (8-bit) edison nuk@odeadeWale ean eeavetewdeinseswulemneuteas 1 
@ A-D converter (8-bit resolution) ---:--7:77 8 channels 
@ D-A converter (5-bit resolution) -+-:-sse 1 channels 
@ 8-bit PWM function 
@ Watchdog timer 


APPLICATION 
VCR, Tuner, Audio-visual equipment 
Office automation equipment 





PIN CONFIGURATION (TOP VIEW) 


+ P55/EDs 

-_- P56/EDe 

+ P5,/ED7 
M37414M5-XXXFP 


Fa 
rs] 


18 
tits 
radars 
-~ 
321g" 
o 
Q, 


N 
b= 
Z 

~ 
oS 
oo 
a. 


Outline 72P6 
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M37414M5-XXXFP BLOCK DIAGRAM 


7 


COTENIND- - 


"1/0 port P7 port P7 


Clock Clock Timing 








input output output Interrupt input Reset input 
Xn Xour ~ g INT; RESET Vss ee 





Clock generating circuit | | 







| 


Instruction | | 
decoder 


Control signal 


Processor Program Program 
status register counter counter 
Watchdog timer PS(8) PC,,(B) PC, (8) ms 08) 













8-bit 


arithmetic 
and logical 























Index 
register 
Y(8) 


Index 
register 
_X(8) 








ra 
Be =i Tim er X 
PREX(8) 


oe 


Be i= ; ral | aia 
| 
a 
=H 

a ae = ililill Th ae 

PSE 
Mt LI LO ; 
at OX AaLtNN ge SOdOoi : seeder naa BOOUVOGHE COSHEZESENESEHED — - 
~ Out PWM mye Vos ppu bor PE "moa port PS Sarai oo a I/O port ortP3—=—SsS«w/O prt P2_— port P2 "70 port P1 port P1 ~~ 1/0 port PO 


port P 
Reference 
voltage input 


[cee 
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FUNCTIONS OF M37414M5-XXXFP 


Parameter Functions 














Instruction execution time 2us (minimum instructions, at 4MHz frequency) 
Clock frequency 4MHz 
ROM 10240bytes 









Memory size 
RAM 160bytes 
Input 1-bitX1 
PO, P1, P2, P3, P4 1/0 8-bitX5 (a part of P3 is in common with serial I/O, timer I/O, and interrupt input) 


P5 Input 8-bitX1 


Pe ss 5-bitX1 (a part of P6 1s in common with external trigger output pin) 


P7 1/0 6-bitX 1 


Serial 1/O 8-bitX 1 





















Input/Output port 















Pulse width modulator 8-bitX1 
Pinterupt—SSSS™S~*~*~*~S*STSS*d Wo ternational mer erupt CS 


Input/Output voltage 12V (Ports P3, P4, P5, P6, P79, P7;, INT1) 


Memory expansion Possible 
Operating temperature range 
72-pin plastic molded QFP 














Input/Output characteristics 
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PIN DESCRIPTION 


Input/ 
Functions 
Output 


We Supply voltage 










Power supply inputs 5V+10% to Vcc, and OV to Vss 


RESET Reset input 


Xout Clock output 


Timing output 





Interrupt input 


Voltage input for A-D 
and D-A 


Reference voltage 
input 


VREF 


D-A output 


PWM output 


0o 1/O port PO 


> — 
Z 
es 
Ta LL 
a 
j=) 
N 


Po 


( 
U 
—_ 
N 


1/O port P1 


P29~P27 | I/O port P2 


5o~ P57 | Input port P5 


Soro Output port P6 











Input 


Clock input input | 


Output 


Input 


P39~P37 | !/O port P3 


P4y~P4, | 1/0 port PA 


= Port P5 1s an 8-bit input port P54~P57 can be used as the edge sense inputs 


To™~ P75 | I/O port P7 ek 











To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions)* If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 





This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xjy and Xour pins If an external clock is used, the clock 
source should be connected the Xj pin and the Xour pin should be left open 
This is the timing output pin 


This is the highest order interrupt input pin 


This is GND input pin for the A-D and D-A converters 





This is reference voltage input pin for the A-D and D-A converters 






















This ts output pin from the D-A converter 


This 1s output pin from the pulse width modulator 
The output structure is N-channel open drain 


Port PO ts an 8-bit 1/O port with directional register allowing each |/O bit to be individually programmed as 
input or output At reset, this port is set to input mode 
The output structure is CMOS output 


Port P1 1s an 8-bit |/O port and has basically the same functions as port PO 
The output structure is CMOS output 


\ 








Port P2 ts an 8-bit |/O port and has basically the same functions as port PO 
The output structure is CMOS output 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO 

When serial I/O 1s used, P37, P3g, P35 and P34 work as Srpy, CLK, Sour and Sin pins, respectively 
Also P33 and P32 work as CNTR pin and the lowest interrupt input pin (INT2) , respectively. 

The output structure 1s N-channel open drain 








Port P4 ts an 8-bit !/O port and has basically the same functions as port PO 
P49~P4, work as analog input port ANo~AN7 
The output structure is N-channel open drain 














Port P6 is an 5-bit output port At external trigger output mode, P69 and P6, are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively. 
The output structure is N-channel open drain 





Port P7 is an 6-bit 1/O port and has basically the same functions as port PO 
The output structure of P7 9, P7; 1s N-channel open drain, and the output structure of P72~P7s5 is CMOS 
output 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37414 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


Timer Control Register 

The timer control register is allocated to address OOFF;4¢. 
Bits 0 and 1 of this register are processor mode bits. This 
register also has a stack page selection bit. 


7 0 
| tt tt tT | | Timer control register (Address OOFF,,) 


Processor mode bit 
00 : Single-chip mode 
01 : Memory expanding mode 
10 : Microprocessor mode 
11 : Eva-chip mode 


Timer X mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 


Stack page bit 
0:0 page 
1:1 page 


Timer X count stop bit 
0 : Count start 
1 : Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 


Timer X interrupt request bit 
0 : No interrpt request 
1 : With interrupt request 





Fig.1 Structure of timer control register 
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MEMORY * Interrupt Vector Area 

¢ Special Function Register (SFR) Area The interrupt vector area is for storing jump destination 
The special function register (SFR) area contains the reg- addresses used at reset or when an interrupt is generated. 
isters relating to functions such as I/O ports and timers. ¢ Zero Page 

¢ RAM Zero page addressing mode is useful because it enables 
RAM is used for data storage as well as a stack area. access to this area with fewer instruction cycles. 

* ROM ¢ Special Page 

ROM is used for storing user programs as well as the inter- Special page addressing mode is useful because it en- 
rupt vector area. ables access to this area with fewer instruction cycles. 


RAM 
(160 bytes) 


Zero page 
Not used 


ROM 
(10240 bytes) 


Special 
page 
for 


subroutine 
Interrupt vector area call 





Fig.2 Memory map 
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Port PO 
Port PO directional register 


Port P1 directional register 
Port P2 


Port P2 directional register 


Special function selection register 





Fig.3 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37414M5-XXXFP can be interrupted from seven 
sources; INT;, timer X, timer 1, timer 2/serial 1/O, or INT>/ 
BRK instruction. 

However, the INT» pin is used with port P3. and the corres- 
ponding directional register bit should be set to “0” when 
P3. is used as an interrupt input pin. 

The value of bit 2 of the serial I/O mode register (address 
OOF6,,) determine whether the interrupt is from timer 2 or 
from serial |1/O. When bit 2 is “O” the interrupt is from timer 
2, and when bit 2 is “1” the interrupt is from serial I/O. Also, 
when the bit 2 is “1”, parts of port P3 are used for serial |/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 





Table 1. Interrupt vector address and priority 


reset [FFF ie FFFE 
int, 2 FFE 


INT. (BRK) FFF5i6, FFF4i6 




















NO 





. 


on 








Oo 









Interrupt 
request 


Interrupt disable flag | 


Fig.4 Interrupt control 


isters are pushed into specified locations, the interrupt dis- 
able flag | is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag | is set to “1”. All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both “1” and the interrupt disable flag is “0”. 
The interrupt request bits are set when the following condi- 
tions occur: 
(1) When the INT, or INT pins go from “H” to “L” 
(2) When the contents of timer X, timer 1, timer 2 (or the 
serial |/O counter) go to “0” 
These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT» interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT. generated the interrupt. 





Interrupt control register (Address OOFE;,) 


Bit 7 : INT; pin interrupt request bit 

Bit6 : INT, pin interrupt enable bit 

Bit5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit3 : Timer 2 interrupt or serial 1/O interrupt request bit 
Bit 2 : Timer 2 interrupt or serial I/O interrupt enable bit 
Bit] : INT, pin interrupt request bit 

Bit : INT. pin interrupt enable bit 


Timer control register (Address O0FF.) 


Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
Bit5 : Timer X count stop bit 

Bit 4: Stack page bit 

Bit3 : 
Bit2 : 
Bitl : 
BitO: 


\Timer X mode bit 


Processor mode bit 
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TIMER 
The M37414M5-XXXFP has three timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial |1/O mode) and tim- 
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section). Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to “1”, the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 
The P33/CNTR pin cannot be used as CNTR when P32, is 
being used in the normal I/O mode. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 
The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,., and 
OOFF,.¢, respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 
(2) Pulse output mode (01) 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 
(3) Event counter mode (10) 
This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 
(4) Pulse width measurement mode [11] 
This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bitis set to “1”, 
the timer’s reload latch is reloaded and the counting 
resumes. 
The structure of the timer control register is shown in 
Figure 6. 
When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFig and 0146, 
respectively. Also, when the STP instruction is ex- 


ecuted, the oscillator’s frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
OOEF,,). When the timer down-counts to zero, the over- 
flow bit is set to “1” and the contents of the timer’s 
latch is reloaded into the timer. 

The reset of the overflow bit is made by; 

a) hard ware reset 

b) write “0” to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 7. 
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Oscillator Divider When STP instructions are 
: executed, this circuit is | Prescaler latch (8) Timer X latch (8) 
f (Xin J-—F1 /16 = connected 
UST Oe? °\  coercively. | | 


rescue }—{ tne x0 | 


Timer X count stop bit 
(Bit 5 at address OOFF,,) 


Toggle flip-flop 











Pulse width measurement 


= mode . 
>o 


P33/CNTR Event counter mode 
C) © 


Pulse output mode 
O 


4 


to timer X interrupt request bit 








Reset, or 
STP 


instruction 





Data bus 


Prescaler latch (8) i Timer 3 latch a 
>| Prescaler (8) Timer 3 (8) Hes ae ees 


Data bus 







Timer 2 latch (8) 





to timer 1 
interrupt 
request 

bit 







Timer 2 (8) 









to timer 2 or 
serial 1/O 
interrupt 
request bit 


P3./CLK 


O) 
aie 


== 
Pi | Serial |/O mode register (Address 00F5,,) 
4 0 


Fig.5 Block diagram of timer X, timer 1, timer 2, and timer 3 
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Timer control register (Address OOFF,,) De acee sr q 


Processor mode bit — Timing output control bit 
00 : Single-chip mode 0: Timing ¢ output 
01 : Memory expanding mode 1: “L” level output 
10 : Microprocessor mode 


11° Eva-chip mode 
External trigger mode selection bit (P69, P6, ) 


0 : Normal output port 
1. External trigger I/O port 


Timer X mode bit 


00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode Timer 3 overflow bit 
Stack page bit 0 : No timer 3 overflow 
0: 0 page 1: Timer 3 overflow 
1:1 page 
Timer X count stop bit Polarity of edge sence input selection bit 
0 © Count start 0 : Detected by falling-edge 
1: Count stop 1 : Detected by raising-edge 


Timer X interrupt enable bit 
0 : Interrupt disable 


1; Interrupt enable Fig.7 Structure of special function selection register 





Timer X interrupt request bit 
0 : No interrupt request 
1: With interrupt request 





Fig.6 Structure of timer control register 
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SERIAL I/O 

A block diagram of the serial 1/O is shown in Figure 8. 

In the serial I/O mode the receive ready signal (Sapy), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sour, Sin) are used as P37, P3,, P35, and P3,, respectively. 
The serial I/O mode register (address 00F5,,) is a 5-bit 
register. Bits 1 and O of this register is used to select a 
synchronous clock source. . 

When these bits are (00) or (01), an external clock from 
P3, is selected. When these bits are [10], the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 


Oscillator Divider 


XwO 1/16 


transfer speed. When the bits are [11], the oscillator fre- 
quency divided by 16, becomes the clock. 

Bit 2 to 4 decide whether parts of P3 will be used as a se- 
rial |/O or not. When bit 3 is “O” and bit 2 is “1”, P38, be- 
comes an I/O pin of the synchronous clock. When an inter- 
nal synchronous clock is selected, the clock is output from 
P3,. If an external synchronous clock is selected, the clock 
is input to P3g and P35 will be a serial output and P3, will 
be a serial input. To use P3, as a Serial input, set the direc- 
tional register bit which corresponds to P3, to “O”. For more 
information on the directional register, refer to the I/O pin 
section. 


from timer 1, 2 


prescaler Timer 2 (8) 


Divider (Address 00FB;.) 
1/2 to timer 2 or 


S 
P3, O———< 


Fig.8 Block diagram of serial I/O 


serial |/O interrupt 


Db request bit 


het Serial |1/O mode register (Address 00F5;.) 


Synchronous clock selection bit 


t 
01: External clock 
10 : Timer 2 overflow signal divided by 2 
11: Oscillation frequency divided by 16 


Serial I/O port selection bit (P35, P3.) 
00 : Normal !/O port 
01 : Serial !/O port 
10: 
1: 
Savy Signal output selection bit (P37) 
0 : Normal I/O port 
1: Sroy signal output pin 


Not used 
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To use the serial I/O, bit 3 and bit 2 need to be set to “01”, 
if they are “00” P38, will function as a normal I/O. Interrupts 
will be generated from the serial |/O counter instead of 
timer 2. Bit 4 determines if P37 is used as an output pin for 
the receive data ready signal (bit 4=1, Sppy) or used as 
normal I/O pin (bit 4=0). The serial I/O function is discus- 
sed below. The function of the serial I/O differs depending 
on the clock source; external clock or internal clock. 

Internal clock—The Srpy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7,,). After the falling edge of the write 
signal, the Srpy signal becomes low signaling that the 
M37414M5-XXXFP is ready to receive the external serial 
data. The Sapy signal goes “H” at the next falling edge of 
the transfer clock. The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 












’ Synchronous clock 








Serial I/O register 
write signal 





Serial !/O output 
Sout 


Serial 1/O input 
Sin 









Fig.9 Serial I/O timing 


Sending side 


Serial |/O mode register 


bit 4 bit 0 


eee 


Set the directional 
register for P37 pin 
in input mode 


" 
4 
: n 
‘ 
(Do RO: X02) X Os XO X Os X Os X 40: 
i 
i] 
' 


Receivable signal —_ ———— 
Srpy ' 


Synchronous clock 


edge of the transfer clock, serial data is output to P3.. Dur- 
ing the rising edge of this clock, data can be input from P3, 
and the data in the serial |/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial |/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 

External clock—If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. An example of communication between 
two M37414M5-XXXFPs is shown in Figure 10. 


Te Lar 


Interrupt request bit set 


Receiving side 


Serial |/O mode register 
P37 
bit 4 bit 0 


Eee 
\ : : 


Set the directional 
register for P3, pin 
Es in input mode 


Serial data 


Fig.10 Example of serial |/O connection 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of +3LSB. A block 
diagram of the A-D convertor is shown in Figure 11. Con- 
version is automatic once it is started with the program. 

The eight analog inputs are used in common with pins P4, 
~ P4 of port 4. Bits 1 and O of the A-D control register 
(address 00F3,,) are used to select which pins are used 
for A-D conversion. The input condition is accomplished by 
setting to “0” the bit in the directional register that corres- 
ponds to the pin where A-D conversion is to take place. Bit 
4 of the A-D control register is the A-D conversion end bit. 
During A-D conversion, this bit is “O”, and upon completion 
becomes “1” Thus, it can be ascertained whether or not A- 
D conversion has been completed or not by inspecting this 
bit. The relation between the contents of the A-D control 
register and the selection of input pins are shown in Figure 
12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
OOF 216 which stores the results of the conversion. The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis- 
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 
written to the successive approximation, any type of may be 


Resistance ladder 


Successive approximation register 
(Address 00F2,,) 


Data bus 


Fig.11 Block diagram of A-D converter 


written. Simultaneous with its being written, the A-D con- 
version end bit (bit 4 of address O00F3,,) is cleared to “0” 
signifying that A-D conversion operations are being con-: 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to “1” and the 
results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 
the capacitive coupled configuration, f(X;\y) is needed lar- 
ger than 1MHz during A-D conversion. 


A-D control register (Address 00F3;.) 


Analog input selection bit 

000 : P4)/ANo 

001 : P4,/AN, 

010 : P4,/AN> 

011 : P4./ANs 

100 : P4,/AN, 

101 : P4s/ANs 

110 : P4g/ANg 

111 =: P4,/AN, 

A-D conversion end bit 

0 : A-D conversion in progress 
1 : A-D conversion completed 





Fig.12 Structure of A-D control register 


OC) P47/AN7 
O P4./ANg 
OC) P4./ANg 
CO P43/ANs 
CO P42/AN2 
CT) P4o/ANo 


<———{() P4,/ANs 


Comparator and 


control circuit 


ST A-D 
fe control register 


(Address 00F3,.) 
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D-A CONVERTER output voltage V and the contents (n) of the D-A conversion 
The R-2R method is used for D-A conversion. The block di- _— register is V=Vaer X n/32(n=0~31). 

agram is shown in Figure 13. An analog voltage is output Reset operation clears the content n of the D-A conversion 
that corresponds to the contents of the D-A conversion reg- register to O46. 


‘ister (address 00FO,,). Ideally, the relation of the analog 


R-2R ladder 


D-A conversion register (Address O0F0,,¢) 


Data bus 





Fig.13 Block diagram of D-A converter 
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PULSE WIDTH MODULATOR period of 4080 X m/255 (m=0~ 255). Figure 14 shows that 
The pulse width modulation register (address OOF1.) is relationship. An N-channel open drain output is used for the 
configured of an 8-bit counter. The period of repetition is PWM pin. 

4080 clock cycles. With the content of the pulse width mod- Reset sets the content m of the pulse width modulation 
ulation register m, the PWM pin becomes high-level for the register to 00;.. 


k—__—_——One period of 4080 clock cycles 


01 2 3 253 2540 1 2 3 4 





Fig.14 Relation between m and PWM output 
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WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4,,) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF,, when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes “0” and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF,,. and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit’s becoming “0”. Application of a 
+10V to the RESET pin will disable the watchdog timer 
function. 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 


SYNC 


Address 


Fig.15 Timing diagram at reset 


RESET CIRCUIT 

The M37414M5-XXXFP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFF,. as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 16 
An example of the reset circuit is shown in Figure 17. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoy7 becomes stable. 


A? KLK 22S X00 TX. AAEFFEXE EER OW AD) 
2K? KX? K? NK? KAKA) 


8~12 clock cycles 


Reset address from the 
vector table 


Note 1: Frequency relation of f(Xiy) and dis f(Xiy) =4°¢ 
2: The mark “?” means that the address 1s changeable 
depending on the previous state 








oe eS 


3-215 


MITSUBISHI MICROCOMPUTERS 


M37414MS-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


























(1) Port PO directional register 


(2) Port P1 directional register 









(3) Port P2 directional register 
(4) Port P3 directional register 
(5) Port P4 directional register 


(6) Port P6 








(7) Port P7 directional register 








(8) Special function selection ( EFig )-: 
register 


(9) D-A conversion register 














(10) Pulse width modulation CUP eggs As 0 016 
register 


(11) Watchdog timer 











(12) Serial 1/O mode register 





(13) Prescaler X 


(14) Timer X 








(15) Interrupt control register 


(16) Timer control register 






(17) Interrupt disable flag on 
processor status register 


(18) Program counter 


Fig.16 


Internal state of microcomputer at reset 


Power on 





M37414M5-XXXFP 










RESET 






Supply voltage 


aes detection circuit 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Fig.17 Example of reset circuit 
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0 PORTS 


(1) 


Port PO 

Port PO is an 8-bit 1/O port with CMOS output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address Q00E0;¢. 
Port PO has a directional register (address 00E1,,) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from: the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit O and bit 1 at address OOFF,,), four different 
modes can be selected; single-chip mode, memory ex- 
panding mode, microprocessor mode and eva-chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the I/O function. For more details, see the processor 
mode information. 

Port P1 

In the single-chip mode, port P1 has the same function 
as PO. In the other modes, P1’s functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2’s functions are slightly 
different from PO's. 

For more details, see the processor mode information. 
Port P3 

In the single-chip mode, port P3 has the same function 
as PO, but it has N-channel open drain output. In the 
other modes, P3’s functions are slightly different from 
PO’s. Port P3 can also be used as serial |/O, INT» and 
I/O pins for timer X. For more details, see the proces- 
sor mode information. 

Port P4 

Port P4 has the same function as port PO in the single- 
chip mode, but it has N-channel open drain output. P4, 
through P4, can also be used as analog input pins AN7 
through ANo. 

Port P5 

Port PS is an input port. P5, through P5; can also be 
used as edge sence inputs. In such a case, reading is 
begun from OQEDi,¢. OOED,, is provided with a latch 
which is set to “1” when the input changes from high- 
level to low-level. 


And for P57, polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 
address OOEF,,). 

When this bit is set to “0”, its latch is set to “1” at the 
input level goes to “L” from “H”. When this bit is set to 
“1”, its latch is set to “1” at the input level goes to “H” 
from “L”. At the reset state, this bit is set to “O”. 

When content of polarity of edge sense input selection 
bit was set by program, the latch (bit 7 of address 
OOED,,) must be reset once. 

The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a “0” to the latch. When O0ED;,, 
is read, the lower order 4 bits are always zero 

When port P5 is used as level sense input, read the 
contents of the address 00ECi, 

Port P6 

Port P6 is a 5-bit output port. It has N-channel open 
drain output. P69 and P6, can be used as external trig- 
ger I/O pins, when external trigger mode selection bit 
(bit 2 of address OOEF,,) is set to “1”. In this case, P6, 
and P6, are trigger clock input pin and trigger output 
pin, respectively. Using external trigger mode, P6)’'s 
latch must be set to “1” in order to off the output tran- 
sistor. In external trigger mode, the content of P6,’s 
latch is output to pin when the rising or falling edge ts 
input to P6p pin. 

When external trigger mode selection bit is set to “0”, 
P6) and P6, are normal output ports At the reset state, 
this bit is set to “O”. 

Port P7 

Port P7 is a 6-bit I/O port. In the single-chip mode, port 
P7 has the same function as PO, but P7p>, P7, have 
N-channel open drain output. 

See Figure 17 for more details. 

Clock ¢ output pin 

In normal conditions, the oscillator frequency divided 
by four is output as ¢ The timing output ¢ is fixed “L” 
state when the timing output control bit (bit 1. of 
address OOEF,,) is set to “1”. But in this case, except 
the timing output is active. The timing output ¢ is output 
again when the timing output control bit is set to “O”. At 
reset state this bit is set to “0”. 

INT, pin 

The INT; pin is an interrupt input pin. The INT, inter- 
rupt request bit (bit 7 at address OOFE;,) is set to “1” 
when the input level of this pin changes from “H” to 
al Dg 

INT» pin (P32/INT2 pin) 

The INT» pin is an interrupt input pin used with P3,. To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input (“0”). When this 
signal level changes from “H” to “L”, the interrupt re- 
quest bit (bit 1 at address OOFE;,) is set to “1”. 
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pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to “0”. In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 


(12) CNTR pin (P33/CNTR pin) 
The P33/CNTR pin is an I/O pin of timer X. To use this 
pin as the timer X input pin, set the corresponding 
directional register bit to input (“0”). In the event coun- 
ter mode, CNTR becomes the input pin of the external 


Ports P3, P4, P7o, P7, 







N-channel open drain output 


Ports P3, P4, P7o, P7, 


Data bus 


Note 1 : Port P3 can be also used as |/O pin of serial I/O, timer |/O, and interrupt input. 
Port P4 can be also used as analog input 


Directional 
- register : 
‘i. Port latch aay 


Ports PO, P1, P2, P7.~P7,; 







Data Bus 







\ 


N-channel open drain output 


Port P6 


Port P5 Input O 


Port P5 


N-channel open drain output 4 ig CMOS output 


PWM 


Fig.18 Block diagram of ports PO~P7 (single-chip mode), and output format of ¢. 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,,), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva- 
chip) mode. in the memory expanding mode, microp- 
rocessor mode and eva-chip mode, ports PO~P3 can be 
used as multiplexed I/O for address, data and control sig- 
nals, as well as the normal functions of the I/O ports. 

Figure 20 shows the functions of ports PO~P3. 

The memory map for the single-chip mode is illustrated in 
Figure 2 and for other modes, in Figure 19. 

By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVssg places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 


Internal ROM 


_ Microprocessor 
mode 


Memory expanding 
mode 


Eva-chip 
mode 


Note 1 : The shaded area is external memory area 


Fig.19 External memory area in processor mode 





(1) 


(3) 


Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO~P3 will work as original I/O 
ports. 

Memory expanding mode (01) 

The microcomputer will be placed in the memory ex- 
panding mode when CNVsg is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. P2 
becomes the data bus (D7~D,) and loses its normal |/ 
O functions. Pins P3,; and P39 output the SYNC and R/ 
W control signals, respectively. 

Microprocessor mode [10) 

After connecting CNVss to Vcc and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode ts the same as the memory ex- 
panding mode. 

Eva-chip mode [11] 

When 10V is supplied to CNVgg pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask- 
ing them into the microcomputer’s internal ROM. 

In this mode, the internal ROM is inhibited so the ex- 
ternal memory is requierd. 

The lower 8 bits of address data for port PO is output 
when ¢goes to “H” state. When ¢goes to the “L” 
state, PO retains its original 1/O functions. 

Port P1’s higher 8 bits of address data are output when 
¢ goes to “H” state and as it changes back to the “L” 
state it retains its original |1/O functions. Port P2 retains 
its original 1/O functions while ¢is at the “H” state, and 
works as a data bus of D7 ~ Dy (including instruction 
code) while at the “L” state. Pins P3, and P39 output 
the SYNC and R/W control signals, respectively while 
¢ is in the “H” state. When in the “L” state, P3, and P3, 
retain their original |/O function. 

The R/W output is used to read/write from/to the out- 
side. When this pin is in the “H” state, the CPU reads 
data, and when in the “L” state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
“H” state when it fetches the OP CODE. 

The relationship between the input level of CNVssg and 
the processor mode is shown in Table 2. 
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Eva-chip mode 
! 


Lf 
Ports PO7~ PO, ; 


Address 
Az~Ao | 1/O port 
Port P3 


Fig.20 Processor mode and functions of ports PO~P3 





























Microprocessor 


Single-chip mode mode 


Memory expanding mode 


; i ee 9 


Ports PO7~ PQ 


X 1/O port 
2 ee ee 


Ports P17~P1o 


X 1/O port 
fo Lf 


Ports P2;~P2) 


X |/O port 


¢ 









Ports PO7~P0,) 


Address 
A7z~ Apo 















Ports P17~P15 


Address | 


Ports P17~P19 


Address } 
Ais~™Ag 
















Ports P27~P2p) 


‘V Output Data | 
port D7~ Do 


Ports P27~ P25 


= (Data 
== = ae Do~ Do = 
















Ports P37~P3, 


x 1/O port 


Ports P37~P3, 


x 1/O port 


Ports P3;~ P3, 


x I/O port 






Port P3, Port P3, 
SYNC 1/O port ( SYNC 
Port P35 Port P35 







R/W I/O port 


R/W 


Table 2. Relationship between CNVssg pin input level and processor mode 


Mode Explanation 





* Single-chip mode The single-chip mode is set by the reset 

* Memory expanding mode All modes can be selected by changing the processor mode bit with the program 
* Eva-chip mode 

* Microprocessor mode 





° Eva-chip mode The microprocessor mode !s set by the reset 
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program 








* Eva-chip mode Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
23. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF,,. and 
O14, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its “H” level until timer 
X overflows. | 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 21. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 22. 
Xin is the input, and Xouz is open. 


Interrupt 


request te 
Interrupt O = 
disable flag | 


STP instruction 
(option) 


Pa} eh 
O) 


Timer X count stop bit 


Fig.23 Block diagram of the clock generating circuit 


Prescaler X 


M37414M5-XXXFP 
Xin Xourt 





Fig.21 External ceramic resonator circuit 


M37414M5-XXXFP 
Xin Xour 





Fig.22 External clock input circuit 


STP instruction 
(option) 


Internal clock¢é 


overflow 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n-+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such asa NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f(Xiy) is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don’t use STP or WIT instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 


(3) = 1@) Ve F-| (: Ree EPROM 3sets 
Write the following option on the mask ROM confirmation 
form 


¢ STP instruction option 
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ABSOLUTE MAXIMUM RATINGS 


Input voltage POp~P07, P1p~P17, P29~P27, 
P4p~P4;, P7o~P75 


Input voltage P3y~P37, P5p~P5z, P6, P7o, P71, INT; | With respect to Vss —0. 3~13 


==); 3~Vec +0. 3 


input voltage CNVss, RESET Output transistors cut-off —0.3~13 


Output voltage POg~P07, Plp~P17, P29~ P27, 
P49~P47, P72~P7s, Xour, ¢, D-A 
Output voltage P39~P37, P69~P6,4, P79, P71, PWM —0.3~13 


| Pq Power dissipation Ta=25C 300 
Topr Operating temperature —10~70 


Tstq Storage temperature 


—0. 3~Voect0. 3 











RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—10~70C, unless otherwise noted) 


| ome | se | Min | Typ | Max_| 
Supply voltage 5..5 
Supply voitage eT 
Reference voltage 
“H” input voltage POQp~P07, Ptp~P17, P29~P27, 
P39~P37, P4p~P47, P5p~ P57, 
INT;, RESET, Xin, CNVsg, P60, 
P7o~P75 
“L” input voltage POg~P07,P19~P17, P29~P2z, 
P39~P37, P4a~P47, P5p~P5z, 
INT;, CNVsg, P69, P7o~ P75 
“L” input voltage RESET 
“L” peak output current POQo~P07, P1p~P17, 
P29~P27, P39~P37, 
P49~P47, P7>~P7s5 (Note 2 ) 
lot(peak)| “L” peak output current P69~P63 (Note 2 ) 


“L” peak output current PWM, P6, (Note 2 ) 


“L” average output current POg~P0O7, P19~P17, 
lo-(avg) P29~P27, P39~P3z, 
P49~P47, P7>~P7s5 (Note 1 ) 


“L” average output current P69~P63 (Note 1 ) 
“L” average output current PWM, P6, (Note 1 ) 


“H” peak output current POp~P07, Plig~P 17, 
on(peak) P29~P27, P72~P7s (Note 2 ) 


“H” average output current POQg~P07, P19~P17, 

















lon(avg) P2o~P27, P72~P75 
(Note 1 ) 


£(Xin) Internal clock oscillating frequency 


Note 1 : Average output current lo.(avg) and lon(avg) are the average value of a period of 100ms 
2 : Total of “L” output current lo., of ports PO, P1, P2, P3, P4, P6, P7 and PWM ts 80mA max 
Total of “H” output current Io, of port PO, P1, P2, P72~P7; is 5|0mA max 
3 : “H” input voltage of ports P3, P5, P69, P7p, P7; and INT, is available up to +12V 
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ELECTRICAL CHARACTERISTICS (Vcc=5v, Ves=0V, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 
Symbol Parameter Test conditions 


Typ 


Unit 


“H” output voltage POo~P07, Plo~P17, P29~P2z7, 
Vou loy=—10mA 
P7o~P75 


“L” output voltage POg~P07, P19p~P17, P29~P27, 

VoL P3o9~P37, P4p~P47, P6o~P6s, lop =10mA 
P79~P7s5 

VoL “L” output voltage ¢, PWM, P6, lop =9mA 
Vr+—Vy— | Hysteresis INT; 
Vr+—Vr— | Hysteresis P3. When used as CLK input 
Vr4+—Vr— | Hysteresis P3, When used as INT> input 
Vr+—Vr— | Hysteresis P33 When used as CNTR input 
V++—Vr— | Hysteresis RESET 
Vr+—Vr— | Hysteresis Xin 

“L” input current PQo~P07, Plo~P17, P29~ P27, 
hie P39~P37, P4p~P47, P59~ P57, Vi=0V 

P69, P79~P75, PWM 


=0V 

“H” input current P39~P37, P59~P57, P69, P7o, P7;, 
PWM 

“H” input current INT;, RESET, Xin, POp~P07, 
P1o~P17, P29~P27, P49~ P4;, V,=5V 
P7.~P75 . 


Vram RAM retention voltage 
(Xin) =4MHz 
Square wave 

At clock stop 
Ta=25C 

At clock stop 
Ta=75C 


Bi 
<t 


<k 








o|s|e 
Wi&W)1o W 


jo) 
a 


co) 

Oo 
2 
on} = 


= 
o}N 








Rg 


a5 
= 
asad 
rere 


x 


Rg 


Sig: 
oi NO ol o 

Rg 

> 


¢, Xour, and D-A pins 
opened, other pins at 

Supply current Vss, and A-D converter 
in the finished condi- 
tion 


3 


= 





A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=0V, Ta=25°C, f(Xin) =4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


| Min | Typ | 
|= [Resin ites} 8 ais 
as Vrer= Voc ee 

Le 












iO FS (ONE 
oa a ane ee 
ee 








Output resistance Vrer=Vcc 
Reference voltage 


‘ 
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TIMING REQUIREMENTS 
Single-chip MOde (Vcc=5V410%, Vss=0V, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 







Limits 
Typ 








Symbol Parameter 


tsu(Pop—¢) Port PO input setup time 





tsu(P1D—¢) Port P1 input setup time 


tsu(p20—¢) | Port P2 input setup time 270 


tsu(p3p—¢) | Port P3 input setup time 270 
tsu(pap—¢) | Port P4 input setup time 270 


NO [RO 
SIN 
oO} 
=] 
27) 





tsu(psp—¢) | Port P5 input setup time 270 


tsu(e7D—¢) Port P7 input setup time 270 


th( ¢—Pob) Port PO input hold time 4 0 












th( ¢—p1D) Port P1 input hold time 
thi g-pe2bD) Port P2 input hold time 
th( ¢—p3p) Port P3 input hold time 





thi ¢—p4p) Port P4 input hold time 


+ 
n 





oO 


NTO TRIM EDMITD 
Oo oO1o};o;o 


thi ¢—ps5p) Port P5 input hold time 








th( ¢—Pp7pD) Port P7 input hold time 








3 j;5 
no | 


tc External clock input cycle time 










External clock input pulse width 








External clock rising edge time 





N 

“wi Ol 

oO} oO 
N | ND 
O1| oO 
th) 
nw 





f External clock falling edge time 


Eva-chip Mode (Vcc=5V110%, Vss=0V, Ta=25, f( Xin) =4MHz, unless otherwise noted) 


Parameter 








tsu(Ppop—¢) Port PO input setup time 
tsu(P1D—¢) Port P1 input setup time 








tsu(p2D—¢) Port P2 input setup time 








th( g—pob) Port PO input hold time 











th( ¢—P1b) Port P1 input hold time 

















th( ¢—p2pD) Port P2 input hold time 


Memory expanding mode and microprocessor mode 
(Vec=5V410%, Vsg=0V, Ta=25, f( Xin) =4MHz, unless otherwise noted) 


Parameter 








tsu(p2D—¢4) Port P2 input setup time 














th( ¢—p2pD) Port P2 input hold time 
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SWITCHING CHARACTERISTICS 
Single-chip MOdE (Vcc=5V+10%, Vss=OV, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 


Port PO data output delay time 
Fig 25 


Port P1 data output delay time 
Fig 24 















Parameter 





Port P2 data output delay time 


td(¢—P7aq) 


Eva-chip Mode (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xin) =4MHz, unless otherwise noted) 
















Port P3 data output delay time 
Port P4 data output delay time 






Port P6 data output delay time 






Port P79, P7; data output delay time 





Port P72~P7; data output delay time 


Limits 


Symbol Parameter , Test conditions 


td(¢—poa) Port PO address output delay time 
td( ¢—PoAF) Port PO address output delay time 


td( ¢—Poa) Port PO data output delay time 


td(¢—PoaF) Port PO data output delay time 








td(¢—P1a) Port P1 address output delay time 
td(¢—P1AF) Port P1 address output delay time 
td(¢—P1Q) Port P1 data output delay time 
td( ¢—P1aF) Port P1 data output delay time 





i tqd(¢—p2Q) Port P2 data output delay time 
td( ¢—p2aFr) Port P2 data output delay time 


R/W signal output delay time 


tq(g—r/wr)_ | R/W signal output delay time 





Port P39 data output delay time 


td(g—p3,ar) | Port P39 data output delay time 


td(g—sync) | SYNC signal output delay time 


td(g—syncr) | SYNC signal outpat delay time 
Port P3, data output delay time 
Port P3, data output delay time 


Memory expanding mode and microprocessor mode 
(Vec=5V410%, Vgs=0V, Ta=25C, f( Xn) =4MHz, unless otherwise noted) 


Symbol Parameter Test conditions : 
Min Typ Max 


250 
Port P2 data output delay time 















































‘100pF 
717 






Fig.24 Ports P3, P4, P6, P7o, P7, test circuit Fig.25 Port PO, P1, P2, P72~P7, test circuit 
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TIMING DIAGRAMS 


In single-chip mode f 
Ogg pana 


tsu(pop— ¢) 


s 


Port PO input ? 









thi ¢—Pop) 
a td(g—Pi1a) 
tsu(p1D—¢) 
Port P1 input A 
th( ¢—P1D) 
ag td(¢—p2a) 
tsu(p2p—¢) 
Port P2 input q 
th(¢—p2p) 
td( ¢—Pp3a) 


* Port P3 output f 


tsu(psp—¢) 


Port P3 input 
th(g—psp) 
tdi ¢--p4a) 


Port P4 output 
tsu(pap—¢) 
<—___—. 
ee “me 
— - “me 
<—td(¢—p7Q) 


rarraee 


tsu(p7D— 4) 
Port P7 input i 





Port P4 input 


Port P5 input 


2 lag es é—P6Q) 






| 


th( ¢—P7p) 


tc 


f(Xin) 
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In eva-chip mode 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P38) output (R/W) 


Port P3, output (SYNC) 


4 


td(¢—Poa) weg & td( ¢—Poar) 
<< 


td( ¢—Poq) 
tsu(pop—¢) 


i th(¢—Poa) 


td(g—P1A) a td( ¢—P1aF) td(¢—P1aF) 
> ¢, any < 


tsu(p1p—¢) 


praenam 


tdi ¢—P2Q) a td( ¢—P2aF) 
MK 


tsu(p2p—¢) 


td(¢—R/w) td(¢—R/Wr) td( ¢—P39QF) 


A _D . 


td(g—Ps,a) 







tdi ¢—Pia) 







ft 


th(¢—P1D) 


th(¢—P2p) 


x) x) 


VW, 
©, 








iy td(¢—P3,QF) 
<< 


td( ¢—P3,Q) 
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In memory expanding mode and microprocessor mode 


Port PO output 


Port P1 output 






aes td (¢—P20F) 


tsu (p20-¢) 








Port P2 input 
th (¢—p20) 
f 
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DESCRIPTION 

The M37415M4-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
' 80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap- 
plications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

This microcomputer is also suitable for applications which 
require controlling LCDs and generating DTMF. 


PIN CONFIGURATION (TOP VIEW) 


= 

FEATURES o 
@ Number of basic instructions:::-cc cree eee eet eee 69 hare 
’ O 

@® Memory size = 
"Ol Ree ee ee eee 8192 bytes a 

RAMs errcrcc cere cceccentscesnnetsansesseassesenseaversces 512 bytes . 

RAM for display LOD-vvrrrrerrrrteeeeereeeteee ee eees 16 bytes a 


@® Instruction execution time 
--- 2.5 ws (minimum instructions at 3.2MHz frequency) 
ete 5s (minimum instructions at 1.6MHz frequency) 
+ 10 us (minimum instructions at 800kHz frequency) 
sree 20us (minimum instructions at 400kHz frequency) 
@ Single power supply 
f(Xiw) =400KHz, or 800KHZ «+700 e8e1 2.55 Voc S5.5V 
f(Xin) =1.6MHz, or 3.2MHz---0 ee 4.5VSVecS5.5V 
@ Power dissipation 
normal operation mode (at 3.2MHz frequency) 
Castes tow viper tee Sip 20mW (DTMF output Vec=5.0V typ.) 
RE EK Re ee 15mW (DTMF off Vcc=5.0V typ.) Outline 80P6 
low-speed operation mode | 
(at 32kHz frequency for clock function) 
reeUNe res Cree err ee ee re re 225uW (Voc=5.0V typ.) 





stop mode (at 25°C) -- 5uW (Vec=5.0V max.) 
@ RAM retention voltage (stop mode) -:::- 2VSVram<5.5V 
@ Subroutine Nesting «corre eee 64 levels (max.) 
e Interrupt SHMEN G9 CAASA Ys TRE REE N OA aa a ena ne ER ESAS OF 8 types, 5 vectors 
@ 8-bit timers: 3 (2 when used as serial I/O) 
@® 16-bit timer ---::---:--: 1 (Two 8-bit timers makes one set) 
@ Programmabie I/O ports 

(Ports PO, P1, P2, P3) acdsee ela Wualeleie Wy bteiveigieva bese aie Rese e Snlelee oes 32 
e Input port (Port P4) Gane eh Ges a Male ab we ne Kean eee aa ASN ORR TRS welts 8 
®@ Serial 1/O (8-bit) abpre'g pde/Gibie: Bracejece acai fecatnrasreteis ands aiaca ouss or or stoner basalt wcerelaterecs 1 
@ DTMF (Dual-Tone Multi-Frequency) generator: Built-in 
@ LCD controller/driver 

(1/2, 1/3, bias, 1/2, 1/3, 1/4 duty) 

segment output Prem me eee eter tenet memento t eet e seen esses tnneenens 32 

common output eee e nema e eee e wane wees esseeerees beet ences Tete eeveeees 4 

resistor for LCD power supply sv orrrerrrsse ere Built-in 


@® Two clock generator circuits 
~ (One is for main clock, the other is for clock function.) 


APPLICATION 


Home telephone, Multi function telephone 
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M37415M4-XXXFP BLOCK DIAGRAM 


Interrupt Reset 
Clock input Clock output input input 
Xin Xout INT, RESET Vec Vss CNVsg5 


ml 



















Processor Program Program Stack 
. 4 status counter counter pointer 
a Pee register PS(8) PC. (8) PC. (8) S (8) —— 


a 
Instruction 
decoder 


8-bit 
i Control signal 










ROM 





























Arithmetic RAM : 
and logical AGEUMUIAICE 512 bytes Index Index 8192 
i ; bytes 
unit A(8) ay, Rant 











Of ae 
7 a —<— 
=a me 


LCD controller/driver 


Xcout 
| pais) rT | POs) 
Tt 
iit — PEPER 
+ are ten 
(51)(52) = 


RS ieurenemios le! 


ee a eam om 














Aan HL) QOOCOOSOS 
Segment output output (32) Common a Wane 1/O port P3 a) ee port P2 1/O port VO pot PL VO port PO port PO 
SEG ‘ output Vace 
COM 
Reference 


voltage input 


Note 1 : Program counter PC, is only 6 bits long 





YALNUWODONDIN SOW) LIES dIHD-ATONIS 


SHYALNAWODOUDIW IHSIESNSLIW 


dAXXX-VINSTVZEW 


( MITSUBISHI MICROCOMPUTERS 


M37415SM4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M37415M4-XXXFP 


Parameter 





Number of basic instructions 





Instruction execution time 





Clock frequency 











Memory size 


Functions 
69 
2. 5s (minimum instructions, at 3. 2MHz frequency) 
5s (minimum instructions, at 1. 6MHz frequency) 
104s (minimum instructions, at 800kHz frequency) 
20us (minimum instructions, at 400kHz frequency) 
3. 2MHz, 1. 6MHz, 800kHz, 400kHz 
8192 bytes 








512 bytes 





RAM for display LCD 











16 bytes 





PO, P1, P2, P3 1/0 








8-bitX4 





Input 








8-bitX1 (Port P4 are in common with SEG) 





Input/Output port 
ern LCD output 








32-bitX 1 





LCD output 





4-bitX] 





Serial 1/0 








Timers 





8-bitX 1 
8-bit timerX3 (2, when serial I/O 1s used) 








16-bit timerX1 (combination of two 8-bit timers) 





~ 


Bias 





1/2, 1/3, bias selectable 





Duty ratio 
LCD controller/driver Sebi ds ake 





1/2, 1/3, 1/4 duty selectable 





Common output 


4 








| Segment output 








32(SEGr4~SEG3; are in common with port P4) 





Subroutine nesting 





Interrupt 


Clock generating circuit 


Supply voltage 


SSS Se ee 
At high-speed 

DTMF output 

operation Voc=5V 

At high-speed 

Power dissipation operation Voc=5V 


DTMF off At low-speed 


operation Vcc=5V 
At stop mode 











64 (max ) 





Two external interrupts, Three timer internal interrupts 


(or two timer, one serial 1/O) 


Two built-in circuits (ceramic or quartz crystal oscillator) 
2.5~5. 5V(at 400kHz or 800kHz frequency) 

4.5~5. 5V(at 1. 6MHz or 3. 2MHz frequency) 

RAM retention voltage at clock stop Is 2~5. 5V 


20mW (at clock frequency f(Xij)=3 2MHz) 


15mW (at clock frequency f( Xin) =3. 2MHz) 








‘| 225uW (at clock frequency f( Xcin) =32kHz) 


1zA (max 25C) 








f Input/Output voltage 


5V 








Input/Output 
Output current 
characteristics 





lon=—2mA(Von=3V) 





loL=1 OmA( Vo_=2V) 





Pull-up current : Min —30A, Max —140nA, Typ —70uA 
(Vcc=5V input voltage 0V) 





Operating temperature range 





—10~70°C 





Device structure 





CMOS silicon gate 





Package 








80-pin plastic molded QFP 
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PIN DESCRIPTION 


Supply voltage input 


CNVsgzg Input 


———}——— 


Functions 





Power supply inputs 5V+10% to Vcc and OV to Vss 





Connect to Vss 





Reset input 





Xin Clock input 





Xout Clock output 





Input 


Input 
———— 


Output 


To enter the reset state, the reset input pin must be kept at a “L” for more than 24s (under normal Voc 
conditions) If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 








These are !/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xij and Xour pins If an external 
clock 1s used, the clock source should be connected the Xjy pin and the Xour pin should be left open 





+ 
Input 


reas Lee 





This is the highest order interrupt input pin It can be measured input voltage level 





——+— 
Interrupt tnput 
0 


POo~ PO, | |/O port PO 





—+—— 


1/0 


— 





Port PO ts an 8-bit !/O port with directional register allowing each I/O bit to be individually programmed as 
Input or output At reset, this port is set to input mode The output structure is CMOS output 





P19~P17 | I/O port P1 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO 





1/O port P2 


1/O port P3 








Input port P4 
Voltage input for LCD 


Common output 





I/O 


Port P2 ts an 8-bit !/O port and has basically the same functions as port PO 





1/0 les P3 is an 8-bit I/O port and has basically the same functions as port PO When serial I/O is used, P37, 


Input- 


Input 


Output 


P3., P35, and P38, work as Srapy, CLK, Sout, and Sin pins, respectively Also P33, P32, P3;, and P3p work as 
timer 3 overflow signal divided by 2 output pin (T), INT> pin, Xcin and Xcour pins, respectively 


Port P4 1s an 8-bit input port and can be used as segment output pins 


This 1s a voltage input pin for LCD Supply voltage is OVSV_SVcc OV~Viy Is supplied to LCD 


These are the LCD common output pins At 1/2 duty, COM2 and COM; pins are not use At 1/3 duty, COM; 
pin is not used 








Segment output 


Output 


These are LCD segment output pins 





Counter !/O 


This ts an output pin for tmer 4 and 5 It can be measured !nput voltage level 





Seth 
D-A convert power 
supply for DTMF 


+ 


Reference voltage input for A-D converter of DTIMF 








DTMF output 





] 








This is DTMF output pin 





3233 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37415 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 
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MEMORY 

* Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as !/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 
«ROM 
ROM is used for storing user programs as well as the inter- 


¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 


rupt vector area. 


RAM 
(128 bytes) 


RAM for LCD 
(16 bytes) 


RAM 
(384 bytes) 


ROM 
(8192 bytes) 


Fig.l Memory map 


ables access to this area with fewer instruction cycles. 


OODFi¢ 


Zero page 


SFR area 
OOFF,.¢ 


010016 


027F 16 


Special 
page 
for 
subroutine 
call 


~ ee 


Interrupt vector area 
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Port PO 
Port PO directional register 


Port P2 DTMF register 
Port P2 directional register LCD mode register 





Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37415M4-XXXFP can be interrupted from eight 
sources; INT;, Timer 1, Timer 2, Timer 3 or Serial 1/0, INT» 
or key on wake up, and BRK inctruction. 

The value of bit 2 of the serial 1/O register (address 
OOF6,,) determines whether the interrupt is from timer 3 or 
from serial 1/O. When the bit 2 is “1” the interrupt is from 
serial |1/O, and when bit 2 is “O” the interrupt is from timer 
3. Also, when bit 2 is “1”, parts of port 3 are used for serial 
I/O. Bit 7 of the serial 1/O register determines if an inter- 
rupt is from INT. or from “key on wake up”. When bit 7 is 
“Q”, the interrupt is from INT>. When bit 7 is “1” the interrupt 
is from “key on wake up”. “Key on wake up” can only be 
used at power down by the STP or WIT instruction. These 
interrupts are vectored and their priorities are shown in 
Table 1. Reset is included in this table since it has the 
same function as interrupt. 


Table 1. Interrupt vector address and priority 










Priority 












INT, 

Timer 1 
Timer 2 
Timer 3 or serial I/O 
INT. or Key on wake up(BRK) 






BY) 
mi 
” 
m 
+ 







Interrupt 
request 


Interrupt disable flag | 


Fig.3 Interrupt control 





When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, as discussed in 
the stack pointer section, and the interrupt disable flag (1) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit is cleared 
automatically. The reset interrupt is the highest priority in- 
terrupt and can never be inhibited. Expect for the reset in- 
terrupt, all interrupts are inhibited when the interrupt dis- 
able flag is set to “1”. All of the other interrupts except key 
on wake up function can further be controlled individually 
via the interrupt control register shown in Figure 3 An inter- 
rupt is accepted when the interrupt enable bit and the in- 
terrupt request bit are both “1” and the interrupt disable 
flag is “O”. The interrupt request bits are set when the fol- 
lowing conditions occur: 
(1) When the INT, or INT. pins goes from “H” to “L” 
(2) When the levels any pin of P2 goes “L” (at power 
down mode) 
(3) When the contents of timer 1, timer 2, timer 3 or the 
counter of serial |/O goes to “0” 
These request bits can be clear by a program but can 
not be set. The interrupt enable bit can be set and 
clear by a program. 
Since the BRK instruction interrupt and the INT» inter- 
rupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in- 
struction caused the interrupt of if INT. generated the 
interrupt. 


Interrupt control register (Address OOFE;¢) 


Bit? : INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit5 : Timer 2 interrupt request bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 > Timer 3 interrupt or serial 1/O interrupt request bit 
Bit 2 : Timer 3 interrupt or serial 1/O interrupt enable bit 
Bit 1 : INT. pin interrupt request bit 

BitO > INT. pin interrupt enable bit 


Timer control register (Address OOFF 4.) 


Bit 7 > Timer 1 interrupt request bit 

Bit6 : Timer 1 interrupt enable bit 

Bit 5 : Timer 1 count stop bit 

Bit 4: Timer 3 count source selection bit 
Bit 3 : Timer 2 count source selection bit 
Bit2 : Timer 1 count source selection bit 
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TIMER 

The M37415M4-XXXFP has five timers; timer 1, timer 2, 
timer 3, timer 4, and timer 5. The interrupt of timer 3 cannot 
be used when serial I/O is used (see serial I/O section). 
The count source for timer 1, timer 2, timer 3 can be 
selected by using bit 2, 3 and 4 of the timer control register 
(address OOFF,,), as shown in Figure 5. A block diagram of 
timer 1 through 5 is shown in Figure 4. All of the timers are 
down count timers and have 8-bit latches. When a timer 
reaches “0” and the next count pulse is input to a timer, the 
contents of the reload latch are loaded into the timer. The 
division ratio of the timers is 1/(n+1), where n is the con- 
tents of timer latch. 

The timer interrupt request bit is set at the next count pulse 
after the timer reaches “OQ”. The interrupt and timer control 
registers are located at addresses OOFE,., and OOFF4., re- 
spectively (see interrupt section). The starting and stop- 
ping of timer 1 is controlled by bit 5 of the timer control 
register. If bit 5 (address OOFF,,) is “0”, the timer starts 
counting. When bit 5 is “1”, the timer stops. 

After a STP instruction is executed, timer 2, timer 1, and the 
clock (¢ divided by 4) are connected in series (regardless 
of the status of bit 2 though 4 of the timer control register). 
This state is canceled if timer 2 interrupt request bit is set 
to “1”, or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 1, 
count stop bit), bit 6 of the timer control register (timer 1 
interrupt enable bit), and bit 4 of interrupt control register 
(timer 2 interrupt enable bit) must be set to “0”. For more 
details on the STP instruction, refer to the oscillation circuit 
section. 


TIMER 4 AND TIMER 5 MODES 


(1) 


(2) 


(3) 


Timer mode [00]. 

The internal clock divided by 4 is counted. When the 
timer counts to “O”, the interrupt request bit is set to 
“1”, the contents of the timer latch is reloaded, and the 
counting starts again. 

Pulse output mode [01]. 

The output level of the CNTR pin inverts each timer the 
timer contents to zero. 

Event counter mode [10]. 

The same function is executed as that of mode “00”, 
except that the counting source is input from the CNTR 
pin. The count decreased each time the CNTR input 
goes from “L” to “H”. 

Pulse width measurement mode [11]. 

This mode is used to measure the pulse width of a sig- 
nal (between “L”s) input into the CNTR pin. The count- 
ing is done using the oscillation frequency divided by 
4, and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to “1”, the timer is reloaded from 
the reload latch, and counting starts again. The over- 
flow flag can be reset by writing a “O” to bit 7 of 
address O0F8j.. 

The structure of timer 4, 5 mode register is shown in 
Figure 6. 
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Data bus 


& Timer 1 latch (8) 


Xin 


Timer 1 interrupt 


co 
Cc 




















e 1/4} ) -¢ i> Timer 1 (8) request bit 
ea 
$=t(Xomy) /2 1/4 LCDCK 
or 
(Xin) /4 
Timer 2 interrupt 
request bit 
Timer 3 latch (8) 
Pe O 
imer 3 or sersal |/ 
B Timer 3 (8) i D interrupt request bit 
TM, ss 
P33 latch 
1/2 
| SM;, SMo 
@ one a 
P33/T SM, 01 | Ext clock 
CLK 10: 1/2 Timer 3 
& 


Synchronous 
clock 


C 


P3¢ 
{\ 
a Serial I/O 


counter (3) 
SM, SM> 
& ci 
P35 SM, 
Serial 1/O register 
( 
SM3 
4 









TC : Timer 4, 5 mode register (Address 00FB,¢) 
TM : Timer control register (Address OOFF,¢) 
SM : Serial |/O mode register (Address 00F6,,) 
LM : LCD mode register (Addiess 00F5,¢) 


Sin 
é 


8 
P3, 





St a as Select gate : at reset, 
— shaded side is connected 
P3, 
©) 

CNTR 





oe 
= OVF | 
eas) ape | 

TCs TC, TC; 

P3./INT2 () INT. 


Fig.4 Block diagram of timers 1 through 5 
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0 


ESRGNERE 


Timer control register 
(Address OOFF,,) 


00 : Single-chip mode 
01 : Not used 
10 : Not used 
11 = Not used 


Timer 1 count source selection bit 
0: ¢ddivided by 4 
1: Timer for clock (Xcin) 


Timer 2 count source selection bit 
0: Timer 1 overflow 
1: Timer for clock (Xen) 


Timer 3 count source selection bit 
0: ddivided by 4 
1: Timer 2 overflow 


Timer | count stop bit 
0 : Count start 
1° Count stop 


Timer 1 interrupt enable bit 
0 : Interrupt inhibit 
1 : Interrupt enable 


Timer 1 interrupt request bit 
0 : No interrupt request 
1: With interrupt request 





Fig.5 Structure of timer control register 


7 0 


‘ 


Timer 4, 5 mode register 
Address O00F8,,) 


CNTR input level 
0: at “L” level 
1° at “H” level 
INT, input level 
0: at “L” level 
1: at “H” level 


Timer 4, 5 mode bit 

00 : Timer mode 

01 : Pulse output mode 
10 : Event counter mode 


11 : Pulse width measurement mode 


Timer 4, 5 count stop bit 


0 : Count start 
1 : Count stop 


Timer 5 overflow bit 


0 : No timer 5 overflow 
1: With timer 5 overflow 





Fig.6 Structure of timer 4, 5 mode register — 


PORT P3./TIMER 3 OUTPUT 

The signal that timer 3 is divided by 2 is output from P33 
(T), at the contents of bit 4 of the serial |/O mode register 
(address O0F6,,) is “1” 


WATCHDOG TIMER FUNCTION 
Timer 4 and 5 can be used as a watchdog timer by con- 
necting the CNTR pin and the RESET pin as shown in Fi- 
gure 7, and by setting bit 4 and 5 of address 00F8;, to “O01”. 
At this time the output of the 1/2 divider counter 
(connected to timer 5) is initialized to “1” when data is 
written to timer 5. After a delay of 12.5 to 15.0us (at f(Xiw) 
=800kHz) after the reset is input, bits 4,5 and 6 of the tim- 
er 4,5 mode register are initialized to “0”. The initialization 
program to set the watchdog timer mode should have the 
following sequence; 

(1) Set the pulse output mode after writing a value to timer 
4 and 5 registers. 

(2) If the program is running correctly, the CNTR pin 
should never go low due to data being continuously 
written to timer 5. If the program sequence is inter- 
rupted timer 5 will overflow and the CNTR pin will out- 
put a “L” and retain this value until the reset is ex- 
ecuted. 

(3) 12.5 to 17.5us (at f(Xjy) = 800kHz) after a reset, the 
CNTR pin will be in high impedance state. 


M37415M4-XXXFP 


CNTR RESET 


C and D are for power-on reset 





Fig.7 Reset circuit with the watchdog timer 
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SERIAL I/O 

The block diagram of serial |/O is shown in Figure 8. In the 
serial |/O mode the receive ready signal (Sppy), synchro- 
nous input/output clock (CLK), and the serial 1/O (Sour, 
Sin) pins are used as P37, P3.g, P35, and P3,, respectively. 
The serial |/O mode register (address O0F6,,) is an 8-bit 


Divider 


Internal 
clock ?¢ 1/4 


register. Bit O and 1 of this register is used to select a syn- 
chronous clock source. When these bits are [00] or [01], an 
external clock from P3, is selected. When these bits are 
[10], the overflow signal divided by two from timer 3 be- 
comes the synchronous clock. Therefore, changing the tim- 
er period will change the transfer speed. When the bits are 
[11], the internal clock ¢ divided by 4 becomes the clock. 


from internal clock 
divided by 4 or 


@ Timer 2 


Prescaler 


Timer 3 (8) 
(Address OOFB;6) 


to timer 3 or 
serial |/O 
interrupt 
request bit 


Transfer clock 


Lad (8) LSB : 





INTs source selection bit (at STP/WIT) 
0 : P83, (INT2) 
1: P29~P2; (key on wake up) 


Unsystem clock operation bit 
0: HALT 
1: operation 


Timer for clock port selection bit (P39, P3;) 
0 : P39, P3, (Normal I/O port) 


1° Xcin, Xcour 


Output of clock port selection bit (P33) 
0 : P33 (Nomal I/O port) 
1.7 


Fig.8 Block diagram of serial I/O 
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MSB Serial |/O register 


Data bus 


Pa Serial |/O mode register 
Address O0F 64.) 


=e 
[14 
E 


Synchronous clock selection bit 


"+ External cl 
01. xternal clock 


10 . Timer 3 overflow signal divided by 2 
11° Timing ¢ divided by 4 


Serial |/O port selection bitd P35, P3,) 
0 : Normal! I/O port 
1: Serial 1/O port 


Sarpy signal output selection bit (P37) 
0 : Normal I/O port 
1° Sapy signal output pin 





3—241 


MITSUBISHI MICROCOMPUTERS 


M37415M4-XXXFP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





Bits 2 and 3 decide whether parts of P3 will be used as a 
serial |/O or not. When bit 2 is “1”, P38, becomes an |/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3g.. If the exter- 
nal synchronous clock is selected, the clock is input to P3¢. 
And P35 will be a serial output, and P3, will be a serial in- 
put. To use P3, as a serial input, set the directional register 
bit which corresponds to P3,, to “O”. For more information 
on the directional register, refer to the |/O pin section. 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “0” 
P3_ will function as a normal I/O. Interrupts will be gener- 
ated from the serial !/O counter instead of timer 3. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3=“1”, Sapy) or used as a normal I/O 
pin (bit 3=“0”). 

The function of serial !/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock- The Spay signal becomes “H” during trans- 
mission or while dummy data is stored in the serial |/O reg- 
ister. After the faling edge of write signal, the Sany signal 


becomes low signaling that the M37415M4-XXXFP ‘is ready 
to receive the external serial data. The Sppy signal goes 
“H” at the next falling edge of the transfer clock. The serial 
1/O counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 
data is output to P3,;. During the rising edge of this clock, 
data can be input from P34 and the data in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 


‘1/0 register will be empty and the transfer clock will remain 


at a high level. At this time the interrupt request bit will be 
set. 

External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. The external clock should not exceed 50kHz at a duty 
cycle of 50%. 

Timing diagrams are shown in Figure 9, and connection be- 
tween two M37415M4-XXXFP’s are shown in Figure 10. 


Transfer clock 


Serial |/O register write 
signal 


Serial 1/O output 
Sout 


Serial |/O input l 
Sin 

] 

Receivable signal 


! 


Fig.9 Serial 1/O timing 


Sending side 


Serial 1/O mode register 


bit 3 bit 0 


od] fo) 


Set the directional 
register for P3, pin 
in input mode 


Synchronous clock 


| 


| 
| 
| 
Ko KO: KEP Pe KD. KOs X_ Pe K_| 
| 
ef | 
Gn Gb G@ Gb Gp Ge Ge & 
I 
Saov L_] | | 


interrupt request bit set 


Receiving side 
Serial |/O mode register 
bit 3 bit 0 


a Es 


Set the directional 
register for P3, pin 
in input mode 


Serial data 


Fig.10 Example of serial |1/O connection 
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DTMF FUNCTION 


The M37415M4-XXXFP has the DTMF (Dual-Tone Multi- DTMF register 
(Address 00F4,.) 


Frequency) output and control function. The value of bit 0, 
and bit 1 of DTMF register (address 00F4,,) determines 
: Low frequency band value selection 
the low frequency band value. And the value of bit 2, and 00 : 697Hz 
bit 3 of DTMF register determines the high frequency band 91 770Hz 
value. The DTMF output can be controlled by the value of ae 
bit 4, and bit 5 of the DTMF register. When bit 4 is “1” the 
low frequency band is output to Tone, and when bit 4 is “O iat voqueaay nasa Walon aeieeies 
the output of low frequency band is stopped. When bit 5 is 00 * 1209Hz 
“1” the high frequency band is output to Tone, and when bit oN eee 
5 is “O” the output of high frequency band is stopped. os ae 
The value of bit 6, and 7 of DTMF register determines the 
basic frequency. The structure of the DTMF register is 
, . . Low frequency band output control 
shown in Figure 11. The accuracy of DTMF output value is 0: stop 
shown in Table 2 and 3. 1: start 


High frequency band output control 
0 stop 
1 . start 


Table 2. Accuracy of DTMF output (at low frequency band value) 


Standard frequency value [Hz)| Output frequency value [Hz] Deflection Error [%] 











694, 44 —2, 555 —0. 367 
770 769.23 —0. 769 —0.1 
852 854. 7 2.7 0.317 


941 938. 97 — 2. 033 —0. 216 


DTMF basic frequency selection 
00 . (Xin) =400kHz 
O1 . (Xin) =800kKHz 
10 . £(Xin) = 1. 6MHz 
11 2 f(Xiy) =3. 2MHz 














Fig.11 Structure of the DTMF register 


Table 3. Accuracy of DTMF output (at high frequency band value) 


1209 —4. 181 —0. 346 














1336 
1477 


1633 


Low group 
freguencies 








High group frequencies 





Fig.12 Telephone keys and DTMF 


Low group frequencies |- 
output counter D-A convertor 


tL Clock ke 


Selection | 
1 400kKHz 


! DTMF register Hone cutput 


(O00F4,. address) 


, 


1. 6MHz 800kHz h fre encies : 
Divider Divider Divider nig oes ea a D-A convertor 





Fig.13 Block diagram of DTMF generator 
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LCD CONTROLLER/DRIVER 

The M37415M4-XXXFP has internal LCD controllers and 
drivers. A block diagram of LCD circuit is shown in Figure 
17. 

The terminals for LCD consist of 4 common-pin and 32 
segments pin. SEGoa4~ SEG3, are in common with input P4. 
These pins are selected by bit 4 of the LCD mode register 
(LM,, address 00F5,¢). Two biases (1/2 and 1/3) can also 
be selected. When bit 2 of the LCD mode register is “1”, 1/2 
bias is selected. When bit 2 is “0”, 1/3 bias is selected. A 
1/2, 1/3, or 1/4 duty cycle can also be selected. When bits 
0 and 1 of the LCD mode register (LMo, LM,) is n, the duty 
ratio is 1/(n+1). 

Address 00D0,,~ OODF,, is the designated RAM for the 
LCD display. When 1s’ are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi- 
gure 15. The ON/OFF function for the LCD controller is 
controlled by bit 3 of the LCD mode register (LM). When 
this bit is “1” all the segments of the LCD are turned on. 
When this bit is “O” all the segments are turned off. An ex- 
ample circuit for each bias is shown in Figure 18 and Fi- 
gure 19 describes the LCD driver waveforms for each bias 
and duty cycle. 

The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter- 
mined with the following equation; 


(frequency of timer 1 count source) 


f(LCDCK)= ((timer 1 setting+1) x4) 


f(LCDCK) 


Frame frequency= ; at 1/n duty 





6 


5 4 3 2 1 =O 


LCD mode register 
(Address 00F5,,) 


Duty ratio selection bit 
01 : 1/2 duty 
10 : 1/3 duty 
11 : 1/4 duty 


Bias selection bit 
0: 1/3 bias 
1 :1/2 bias 


LCD turn on bit 
0: OFF 
1: ON 


P4/LCD segment selection 
bit 
0 : P4g~P4, (input port) 
1 ; SEGoa~SEGs3; 
(segment output) 


Xcout drive ability selection 
0: High bit 
1 > Low 


System clock ¢selection bit 
0: x/4 
1: X¢/2 





Fig.14 Structure of the LCD mode register 
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pn EES ES 
(Rea Fa Ee Oe 
Les ot Ie Se et a 
OS je 2: a |e 6S | 
eee eee ee ee ae 
ari eee eee ee ee 
| pe | 13 | 13 | 13 | 13 | 12 
| 07 | 15 | 15 | 15 | 15 | 14 | 14 | 14 
| os | 17 | 7 | 17 | 17 | 16 | 16 | 16 | 
| o9 | 19 | 19 | 19 | 19 | 18 | 18 | 18 | 
| op | 23 | 23 | 23 | 23 | 22 | 22 | 22 
| op | 27 | 27 | 27 | 27 | 
| DE | 29 | 29 | 29 | 29 | 
30 
> s = 8 = 
O O 0 O 








O O O O 
* Number in data memory area indicates corresponding segment. 





Fig. 15 Map of RAM for LCD segment 


Bright control Vr 


Vicb O 


R 
2/3V.00 (At 1/3 bias) 


1/2View (At 1/2 bias) Bias selection 
bit (LMo) 


1/3Vi.cp (At 1/3 bias) 
O 
1/2Vicp (At 1/2 bias) 


LCD turn on bit 
(LM3) 


Fig.16 Internal circuit of LCD power supply input pin 
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Data bus 


00D01¢ 00DCi.6 OODF,, 
012 3 4567 0123 4567 0123 4567 





Segment |! Segment Segment Segment Segment Segment 
driver | driver driver | driver driver | driver 
aan 
SEGo SEG, SEGo4/P4,  SEGos5/P4, SEGao/P4, SEGs3,/P4, 


P4 input 
buffer ; 


1/2, 1/3 


bias controller 


me 





Vss Vi 













l LCD mode register 
LM, | LM3; LM2 [LM, |LMo (address 00F5,,) 


Timing controller 


COM, COM, COM, COM, 











<—— LCDCK 


Common driver 
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Internal logic 


Lepek timing, T_T tT 


1/4 duty Voltage level 


Vi 


=o Vile 
COM) $$ | ————_ L. van 
COM; Sa a | —— 
COM. —$—<— JES" _—aLr—_ 
COM3 <7 rr] 























ee cen a ee 

Vss 
OFF ON OFF ON 
Se er rm Cr UO OSOSSEC  iO—SAS> sa > 
COMs3 COM, COM, COMo COM; COM, COM, COMo 

1/3 duty 
Vi 
Vss 


COM; $e EL 

oan 

Geuck ~ eee 1 “Lent Ea” thea 
ON 


OFF ON OFF ON OFF 





eee ee OO OO UOC | Ds S > x __ > 


COMo COM, COM, COM COM, COM, COMo COM2 


1/2 duty 


Vi 


Vss 


ee 
SEGo pols ee ee ee Vss 








ON OFF ON OFF ON OFF ON OFF 
<> <> <> «<> <> «<> <-> <= 
COM, COMo COM, COMo COM, COMo COM, COM» 


Fig.18 LCD drive waveform (at 1/2 bias) 
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Internal logic 


LCDCK timing eee ee OO Voltage lever 


1/4 dut 
y vA 


2v_/3 
COMo = /3 
Vss 
COM2 a ee a a Pe 


——V,_ 
SEGo —— 2V_/3 
——V_/3 








<> <C> a O <> 























COM; COM, COM, COM, COM, COM, COM, COM, 
1/3 duty 
V 
vale oV./3 
V_/3 
: Vss 
COM, OO ae aaa (Pe cs ce ee ee 
SEGo een amen amet MN HY SOHN 
ON OFF ON ; OFF ON OFF 
<a OS a OT a a 
COM COM, COM, COM, COM, COM, COM> COM, 
1/2 duty 
Vi 
2V./3 
COM, V./3 
Vss 


ON OFF ON OFF ON OFF ON OFF 
<<. SSO SS ee De SOC (“MN ———_ > Oe st _ 
COM, COM COM, COM») COM, COM g COM, COMo 


Fig.19 LCD drive waveform (at 1/3 bias) 
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KEY ON WAKE UP 

“Key on wake up” is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port P2 has a “L” level applied, after bit 7 of the 
serial |1/O mode register (SM;) is set to “1”, an interrupt is 
generated and the microcomputer is returned to the normal 
operating state. As shown in Figure 20, a key matrix can be 
connected to port P2 and the microcomputer can be re- 
tuned to a normal state by pushing any key. 


Port P3. 


_ [eter 1) 
P3,/INT> | 


© iz) 





Port P27 
directional 
register 


LD 
| 
| 
| 







Port P2, 


(Note 1) 





LD 


Port P2, 








CPU stop state signal 


directional regiter 


The key on wake up interrupt is common with the INT» in- 
terrupt. When SM; is set to “1”, the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT. 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (1) is “O” 
and SM; is “1”, all of port P2 must be input “H” 





directional register 


Port P3, data read circuit 


INT. interrupt 







request signal 


Port P2 data read circuit 


directional register 


Port PXx 
“ “L” level output 





Note 1 : Pull-up transistor (mask option) 


Fig.20 Block diagram of port P2 and P32, and example of wired at used key on wake up 
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RESET CIRCUIT oscillator oscillation is stable and then returned to “H” level. 
The M37415M4-XXXFP is reset according to the sequence The internal initializations following reset are as shown in 
shown in Figure 23. It starts the program from the address Figure 21, regardless of the status before reset (including 


formed by using the content of address 3FFFi, as the high stop mode or wait mode). 
order address and the content of the address 3FFF;, as the | An example of the reset circuit is shown in Figure 22. 


low order address, when the RESET pin is held at “L” level When the power on reset is used and the reset is used 
for at least 8 rising edges of X,y while the power voltage is while the X\y clock is stopped, the RESET pin must be held 
in the recommended oprating condition and the crystal “L” unitil the oscillation Of Xij-Xour becomes stable. 


Address 


Port PO directional register (00E116)| 0046 | 


Port P1 directional register — (Q0E3;4) 00,6 


Port P2 directional register (00E5:.¢) 00:6 
) 


Port P3 directional register (00E9,, 00;¢ 


fofofojo] [ 
0016 
00:6 


) 
) 
Interrupt control register (OOFE,¢) 00:6 
) 
) 


DTMF register (00F 44, 


‘M37415M4-XXXFP 


) 
LCD mode register (00F5,.) 
Serial |/O mode register (OOF64, 


Timer 4, 5 mode register (O0F8,¢ 


Timer control register (OOFFig 00;. 


Interrupt disable flag for (PS) [tet ep! 


processor status register 


(PC,) Contents of 


Program counter address 3FFFi. 


Contents of 
(PC,) address 3FFEj. 


Since the contents of both registers other than 
those listed above (including timers and the serial 
\1/O register) and the RAM are undefined at reset, it 
is necessary to set initial values 








Fig.21 Internal state of microcomputer at reset Fig.22 Example of reset circuit 


¢ 
RESET 


Internal 
RESET 





SYNC 


hors XDD 
dr. saan Reset address from the 
: bie 





8~12 clock cycles 


Note 1: Frequency relation of f(Xin) and dis f(Xin) =4°¢ 
2: The mark “?” means that the address is change- 
able depending upon the previous state 


Fig.23 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E0,,. Port PO’s directional register allows 
each bit to be programmed individually as input or out- 
put. The directional register (zero page address 
O0E1,¢.) can be programmed as input with “0”, or as 
output with “1”. When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg- 
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

Port P1 

Port P1 has the same function as PO. 

Port P2 

Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction. P2 can be used to 
generate the “wake up mode”. This mode is used to 
bring the microcomputer back in its normal oprating 
mode after being in the power-down mode. 


Port P3 
Port P3 has the same function as PO execept that part 
of P3 is common with the serial I/O lines (ie output of 
timer 3, input/output of timer clock, and _ interrupt 
input). 


(5) 


(6) 


Segment output (SEG»>~SEG,3) 

These ports drive and control the LCD segments. 

Port P4 

Port P4 is an 8-bit input port which can be used as a 
LCD segment output port. 

Common output (COMy~COMs) 

These port provides output drive and control for the 
LCD common lines. | 

Power supply for LCD (V,) 

Supplies power to the LCD terminals. 

INT, 

The INT, pin is an interrupt pin. The INT, interrupt re- 
quest bit (bit 7 of address OOFE,,) is set to “1” when 
the input level of this pin changes from “H” to “L”. This 
input level is read into bit 1 of the timer 4 and 5 mode 
register (address OOF8,,). 

INT. (INT2/P35) 

The INT. pin is an interrupt input pin common with P3bp. 
When P3,’s directional register is set for input (“0”) , 
this pin can be used as an interrupt input. The INT> in- 
terrupt request bit (bit 1 of address OOFE,,) is auto- 
matically set to “1” when the input level of this pin 
changes from “H” to “L”. 

CNTR 

The CNTR pin is an I/O pin of timer 4 and 5. The input 
level is read into bit 0 of the timer 4 and 5’s mode reg- 
ister (address O00F8,,). 
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Ports PO, P1 Voc 







Directional 


register 
\/ 
4 () 


FE 

a Port latch i 
<q 

Fd 
<q 


Tr1 is pull-up transistor (mask option) 


Pom . 

4 Tr2 (mask option) 
Ports P2, P3. 
oe 

4 


interrupt control circurt Tr2 1s pull-up transistor (mask option) 






Tr1 (mask option) 


Ports PO, P1 
Data bus 














Ports P2, P3. 






Data bus 


Ports P3p, P3,, P33, P34, P36, P37 Voc Voc 


i a 
v a 
y Tr3 
4 ae 
ae “ss O 
Data bus Port latch = ‘ Ports P39, P31, P3s3, 


P34, P36, P37 


C| Vss 


© 
A 


Tr3 is pull-up transistor (mask option) 


Fig.24 Block diagram of ports PO~P3 
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CMOS output 


4 mask option 
N-channel ee drain output O 


—{_ ass] TS 


—{_ ass] Vec 
a Tr4 (mask option) 
Vss 
& 
Data bus Port | Port latch | | 


4 


Tr4 ts pull-up transistor (mask option) 
Tr5 is P-channel output transistor (mask option) 


Port P4(SEGo,~SEG3;) CNTR 


Voc 


arenes J. (mask option) 


Timer control 
circuit and 
timer 4,5 
Interrupt control circuit 


Tr6 is pull-up transistor (mask option) 





Fig.25 Block diagram of ports P3, P4, CNTR, and INT, 


COMMON OUTPUT SEGMENT OUTPUT 


The voitage that is supplied 
with source of P-channel and 
N-channel transistor is 
COMyp~COMs3 
J SEGo~ SEGo3 controlled by bias mode 
Nch 
The input signals of each 


transistor gates are controlled 
by duty ratio of LCD and its 
bias mode 





Fig.26 Block diagram of COM, SEG 
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CLOCK GENERATING CIRCUIT 

The M37415M4-XXXFP has two internal clock generating 
circuit. Figure 29 shows a block diagram of the clock 
generating circuit. Normally, the frequency applied to the 
clock input pin X,, divided by four is used as the internal 
clock (timing output) ¢. Bit 7 of LCD mode register can be 
used to switch the internal clock¢ to 1/2 the frequency ap- 
plied to the clock input pin Xow. 

Figure 27 shows a circuit example using a ceramic (or 
cystal) oscillator. Use the manufacture’s recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input form the Xiy (Xcin) pin and leave the Xour ( 
Xcour) pin open. A circuit example is shown in Figure 28. 
The M3/7415M4-XXXFP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin clock and Xcin clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 1 and timer 2 are forc- 
ibly connected and ¢/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil- 
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
(“0”) , timer 1 interrupt enable bit and timer 2 interrupt 
enablb bit must be set to disable (“0”), and timer 2 inter- 
rupt request bit must be set to no request (“0”). 

Oscillation is resarted (release the stop mode) when INT, 
INTz, key on wake up or serial I/O interrupt is received. 
The interrupt enaable bit of the interrupt used to release 
the stop mode must be set to “1”. When restarting oscilla- 
tion with an interrupt, the internal clock ¢ is held “H” unitil 
timer 2 overflows and is not supplied to the CPU. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢ stops at “H” 
level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) the microcomputer receives an interrupt. In- 
structions can be executed immediately because the oscil- 
lator is not stopped. The interrupt enable bit of the interrupt 
used to reset the wait mode must be set to “1” before ex- 
ecuting the WIT instruction. 

Low power disspation operation is also achieved when the 
Xin Clock is stopped and the internal clock ¢is generated 
from the Xcin clock. X;, clock oscillation is stopped when 
the bit 6 of serial |/O mode register (address 00F6,,) is set 
and restarted when it is cleared. However, the wait time 
until the oscillation stabilizes must be generated with a 
program when restaring. An “L” level must be kept to the 
RESET pin until the oscillation stabilizes when resetting 
while the X,, clock is stopped. Figure 30 shows the transi- 
tion states for the system clock. 





M37415M4-XXXFP 


ming. se pi nen 





Fig.27 External ceramic resonator circuit 


M37415M4-XXXFP 


Xin Xout Xcin Xcour 


26 


External OPEN 
oscillating 
circuit or 
external pulses 


ve LT 
Vss 


External OPEN 
oscillating 
circuit 


Vss 


Fig.28 External clock input circuit 
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Xcin Xcout 


SMe 
LM; 





Timer 1 Timer 2 




















Internal system 
Unsystem clock clock source 
operation SMez selection LM, 


Timer 1 


count source 
selection TM2 









Timing ¢ 
(internal clock) 





Qs SQ Qs cf 
Reset 


WIT R 
R SL aeeN ee instruction eee 
instruction 
C Reset 
O— Interrupt C4 INT, interrupt enable 
disable INT, interrupt Request 


flag | 
Timer | interrupt enable 
Timer j interrupt request 


——~ Timer 2 interrupt enable 
Timer 2 interrupt request 


Timer 3 interrupt enable 
& (or serial |/O) 

Timer 3 interrupt request 

(or serial 1/O) 


INT, interrupt enable 
INT, interrupt request 


Fig.29 Block diagram of clock generating circuit 
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WIT instruction 
a 







800kHz oscillation ‘800kHz oscillation STP instruction 800kHz oscillation stop 


32kHz oscillation sto 32kHz stop Raat, 
, P3,. P3, input Interrupt (Note 1) 32kHz oscillation stop 
¢=stop Interrupt ag jetios 
_ Timers, LCD action ¢? =200kHz 
External External 
interrupt interrupt 
Serial 1/O Serial 1/O 
interrupt interrupt 
Timer interrupt SMs=1 SM5=0 key on wake up 
keyon wake up (Note 2) SM.=0 


SM.=1 


















WIT instruction 





800Hz oscillation 

32kHz oscillation 
~ =stop 

Timers, LCD action 


STP instruction 
RAEI, aod 
Interrupt 


800kHz oscillation 
32kHz oscillation 


$ =200kHz 


800KHz osciilation stop 






32KHz oscillation stop 


Interrupt 


Be a as ¢ =stop 


(LM.e=1) 
LM,=1 LL.M 7=0 




















WIT instruction 


800KHz oscillation —— 800kHz oscillation STP instruction 800kHz oscillation stop 


: See eee 
ae teas 32kHz oscillation Interrupt 32kHz oscillation stop 
¢ =16kHz _ $=stop 
actio ; 
Timers, LCD action Interrupt 


















WIT instruction 
—<———_ 





800kHz stop 

32kHz oscillation 
¢? =stop 

Timers, LCD action 


800kHz oscillation stop STP instruction 


ee 


800kHz oscillation stop 


32kHz oscillation 32kHz oscillation stop 


6=16kHz Interrupt #=stop 


Interrupt 


Note 1 : At the end of STP instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys- 
tem clock. This time is set by program. 
2 : When SM,=1 and unsystem clock is operated, wait time necessary by program until oscillation becomes 
stable. 
3: The case of example clock X=800kHz, clock X.-=32kHz 


Fig.30 External clock input circuit 
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<An example of flow for system> 


Normal operation 


Return from clock function Operation on the clock function only 


R AM backup function 


Return from R AM backup function 


Power on reset 
Clock X Beene 
Internal system clock start (X -1/4— ¢) 


Program start ry RESET vector-::+---+*+:- Xo oscillation(SMs= 1, SMe= 1 ) 


| Normal program | +-Operating at 800kHz 
§ 


Clock for clock ee Xc power down (LM, : 0-1 ) 





Internal clock ¢ source switching X(800kHz)—X (32. 768kHz)(LM7: O0— 1) 
Clock X halt(Xc¢ in operation) (SM.g= 0 ) 

Internal clock fat ul instruction) 

Timer 1 (clock countioxeniew 


Internal clock aor at start (WIT instruction released) 


| Clock processing routine + Operating at 32. 7/68kHz 


Internal clock halt (WIT instruction) 

Interrupts from INTj, timer 2, timer 3 or serial I/O, INTo, Key on wake up 
Internal clock ee start (WIT instruction released) 

Program start es interrupt vector 


Unsystem clock X oscillation start (SM.g= 1 ) 


Oscillation rise time routine (software) +-Operating at 32. 768kHz 


Internal clock PeOuree switching Xo—*X (LM; : 170) 


Normal program —Operating at 800kHz 
STP instruction preparation (pushing register ) | 


i 
Timer I, and timer 2 interrupt disable (TM, = 0, IM4= 0 ) 
Timer icone stop bit resetting( TMs = 0 ) 


Clock X and clock for clock function X_ halt (STP instruction) 
RAM backup status 


Interrupts from INT, or serial I/O, INTs, key on wake up 
Clock X and clock for clock function Xe oscillation start 
Timer 2 overflow (X/16 or X~/8—timer 1 timer 2 ) 
Internal system sah start (X/4 or X~/2—> ¢) 


Program start from interrupt vector 


Normal! program 


| 
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1. $: Xin/4—>Xew/2 (timing diagrams are shown situation A~C, because there are three kinds of waveform by the timing) 


Situation A | | 


>» ww DUU LULU 


Situation B 
(1-+LM,)R/W SS SSS SSS 
| 
ee ee ee 
| 
“SYNC Sera | | [ee 


Situation C | : 


a See) Sennen saan ewes ae 


aoe 7) : Xow/2 Xin/4 


| 
_ yO 

(O-LM,)R/W ) | 
i. - : 

XcIN | 
re | See aa, ermee (ETS 

¢ | 


| 


Note 1,: The “L” period of the R/W signal is shown the writling timing of setting value to LM, 
2: The delay of timing is ignored 


Fig.31 Timing diagram of the changing system clock 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instruction are only valid for the 
contents before the modifications are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of the these timers are not changing or 
after timer 4, 5 count stop bit (bit 6 of address 00F8,,) 
is set to “1”. 

Also, when the timer 1, timer 2, or timer 3 is input the 
clock except ¢/4 or it divided by timer, control the 
same as above. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) When LCD turn-on bit (bit 3 of address 00F5,5) of the 
LCD mode register is “1”, don’t stop the timers or 
count source for timers. 

(7) The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in- 

~ struction. 

(8) Notes on controlling the clock generation circuit 

(@ When system clock is changed Xy/4 to Xcin/2, set 
LM7 to “1” after oscillation is stable by the software 
in side of clock Xo. 

@ When system clock is changed Xcy/2 to Xiny/4, set 
LM7 to “O” after oscillation is stable by the software 
in side of clock X. 

When SM, is “0” or when LM; is “O” and SM¢ is “0”, 
LMg is automatically set to “O” by the hardware. 

@ When system clock selection bit (bit 7 of address 
Q0F5,¢) of the LCD mode register is “1”, don’t set 
SMsz to “0”. 

Just for reference, timing diagram of the changing system 

clock are shown in Figure 31. 

(9) In order to avoid noise and latch-up, connect the fol- 
lowing external circuit. 

© Connect a bypass capacitor (~0.1u4F) directly be- 
tween the Vcc pin and Vsg pin using a heavy wire. 

@ Connect a bypass capacitor (~0.1uF) directly be- 
tween the Vrer pin and Vss pin using a heavy wire. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation from 

(2) mark specification from 

(3) SY @) \\, ike |: | (RR eee EPROM 3 sets 
Write the following option on the mask ROM confirmation 
from 

¢ Port PO pull-up transistor bit (see the confirmation form) 


_ © Port P1 pull-up transistor bit (see the confirmation form) 


¢ Port P2 pull-up transistor bit (see the confirmation form) 
¢ Port P3 pull-up transistor bit (see the confirmation form) 
¢ Port P35/Soyr output type (see the confirmation form) 

* CNTR pin pull up transistor (see the confirmation form) 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 
Supply voltage 


Voc 
Input voltage for LCD V, 
Vy Input voltage POo~~P07, P1o~P17, P29~ P27 
P3p~P37, SEG24a~SEGai, Xin 
Vi Input voltage INT, CNVss, VREF_ 
Input voltage RESET, CNTR 
Vo 
_ Vo 
Pd 


Operating temperature 
Storage temperature 





| Veo 
vise as! 
ia hoa Wins) Sh Ne ere Sanat acetates 
Output voltage POgp~P07, P19p~P17, P29~P27 
P39 P37, COMp~COMs, SEGo~SEGs; 
Xout 4: 
Output voltage CNTR 
Power disspation T 





Conditions Ratings 


—0.3~ 7 


y 


With respect to Vss 





—0. 3~Voct0. 3 





300 


—10~70 
—40~125 


RECOMMENDED OPERATING CONDITIONS (Vcc = 2.7~5.5V, Vss = 0V, Ta = —10~70°, unless otherwise noted) 






Symbol Parameter 


Supply voltage(Note 1) 


Supply voltage 


Supply voltage for DTMF 
“H” input voltage P0>~PO0 P07, Plg~P17, P30, P38, (Note - 2), 
P33~P3,(Note 3) 

P49~P47, RESET, Xin, CNVss 


“H” input voltage P29>~P27, P32, P3g(Note 4) 
iNT;, CNTR 











“L” input voltage PO9~P07, P1p~P17, P39, P3;(Note 2), 


Vin P33~P37(Note 3) 
P49~P47, CNVsg 
“L” input voltage P29>~P27, P32, P3g(Note 4) 
INT;, CNTR 
“L” input voltage RESET 
“L” input voltage Xin 
“H” output current PQo~P07, P1yp~P17, P29 ~P27 
P3y~P37(Note 5), Xour 
“L” peak output current P0y~ PO;, Pto~Ptz, P2)~P2, 











(Xin) 


t(Xcin) Clock oscillating frequency for clock function 
Note 1: 


Clock oscillating frequency(Note 8) 










R_=20k0 


Limits 
Conditions Unit 








f(Xin) =3. 2MHz 
(Xin) =800kKHz 












































P39>~P37, CNTR, 3, Xour( Note 6) 


I “L” average ‘average output current PO9~P07, Plo™~P17, P2g™~ P27 
oL(avg) P3o~P37, CNTR, Xour(Note 7) 











Hz 


a 
50 | kHz 


a 
— | 
Ow 
oio 
oO} oO ’ 
x 


Voo=2. 5 55.5 


When only maintaining the RAM data minimum value of Voc 1s 2V 


2 : When using port P3, as Xon, 0. 85VccS Vins Voc, OSV, SO. 15Vec for port P3, 


3 : In this case of using port P3,g as normal input. 


4 : In this case of using port P38, as CLK input Especially when the input oscillation frequency is more than 50kHz, recommend the following : 


0. 8VocS VinS Veco, OS VitSO. 2Vec. 





5 : The total of loy of port PO, P1, P2, P3, Xouy should be 35mA max 
6 : The total of lo-(peak) Of port PO, P1, P2, P3 should be 55mA max, and the total of lo.(peak) Of port P3, CNTR and Xour Should be 45mA max 
7 = lov(avg) is the average current in 100ms 
8 : When using DTMF function, f(Xi) should be 400kHz, 800kHz, 1.6MHz, or 3. 2MHz 
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ELECTRICAL CHARACTERISTICS (vcs = Ov, Ta =—10~70°, unless otherwise noted) 






















































V1+—Vr— | Hysteresis P3¢ 


; "H” output voltage POy~PO;, Pto~Pt7, P2o~P2; 3 ese | 
OH P3y~P3;(Note 1)(Note 2) Voc=3V, lon=—0. 7mA 2 | 
Voc =D5V, loy=—1. 5mMA 3 
ge, Weuansnueuaeie.: co=5¥, lon ae ae 
| Voo=3V, lon=—0. 3mA a ae 
: “L” output voltage POp~PO;, Plo~P17, P2o~P2; Voo=5V, lo. =10mA eee ee ae 
OL P3y~P3;(Note 2), CNTR Voo=3V, lo. ==3mA an 1 
Voc=5V, lo. =1.5mA 2 
VoL “L” output voltage Xour 2e: 2k ae Te ae 
Voo=3V, lo. =0. 3mA Sea ee 
= Voo=8V 
Hysteresis INT,, CNTR 


When used as et 
CLK input 


When used as 
Xcin input 











Hysteresis P3, 















































Voc=5bV 
Hysteresis P29~P27, P32 
Voc=3V 
ae id Voco=5bV 
Hysteresis RESET Le 
Voco=3V 
Vec=5V 
Vr++—Vr— | Hysteresis Xin ee 
Voc=3V 
“L” input current SEGo4~ SEGa3,( Except reset state) Voc=5V, V;=0V 











We {PO>~P07, P1p~P17, P29~P27, P3p~P37} 
Without pull-up Tr INT;, RESET, Xi 
“L” input current {[PO9~P07, P1p~P17, P29~P27 
P39~P37, CNTR} With pull-up Tr 





Voec=3V, V,=0V 
Voc=5V, V,=0V 
Voeco=3V, V,=0V 
Voc=5V, VL=5V, V,;=0V 
Voc=3V, VL=3V, V=0V 
Voc=5V, V,;=5V 


























hie “L” input current SEGo,~SEG3, (at reset state) 











“H” mee current SEG2,~ SEG3;( Except reset state) 

















le PO o~ PO, Ptp~P17, P29~P27 
| P3)~P3z, INT;, RESET, Xin Veo=3V, Vi=3V 
Voc=5V, V_=5V, V,=5V 
lie “H” input current SEGo4~SEG3;(at reset state) 





Voc=3V, V_=3V, V)=3V 

(Xin) =3. 2MHz | 2, OTME wave 
Vec=5V font ete eat 
(Xin) =800kHz 

Voec=3V 


at DTMF wave 
form output 
at DTMF wave 
Ta=25C, Xin=0 
f(Xcin) =32. 8kKHz 
at low power mode 




































Output pins are opened 
RESET, PO o~P07, 

P1 o~ P17, P29~P27, 
and P39~P37 are 








form sto 


Vec=5V 
























At operation 









































connected to Vcc (LMe+1) 
Except the ab n = = 
ie Supply current xcep ove pins o f(Xin) =3. 2MHz, Voc=5V 
are connected to Vsg s f( Xin) =800kHz, Voc=3V 
However, Xin and Xciy are = | T,=25C, Xiy=0 ne 
Input signal according to $ f(Xcin) =32. 8kKHz 
at low power mode 
the conditions % ] CLM6=1) 
& © £(Xin) =(Q 
® & | f(Xcin) =0 
< Vec=5V 

















Voc=V_L=5V,% bias 
I Vi current 
Voc=VL=3V,% bias 


Voc=5V,Vrer=4. 5V 



































| Vrer Current 

oe ad Voc=3V,Vrer=2. 5V 

Vram RAM retention voltage | f(Xin) =0, f(Xcin) =0 
Note 1 : Except when the output type of P35 1s N-channel open drain (mask option) 


2 : If P39 is used aS Xcour, capability of load driving 1s lower than the above 
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DTMF CHARACTERISTICS (vss = ov, Ta =—10~70°, unless otherwise noted) 


High frequency | Voc=5V, Vrer=4.5V, RL=20kKN 
band group Veco=3V, Vrer=2. 5V, R.=20k0 
Low frequency | Voc@=5V, Vrer=4.5V, RL=20k0 

band group Voc=3V, Varr=2.5V, Ri =20kQ 190 0 


Output ratio of high frequency band to low frequency band | RL=20k0 ‘ | dB | 
Disportional percentage RL=20kN, Ta=25°C 3 





Vor Output voltage Tone 
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DESCRIPTION 

The M37416M2-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
office automation equipment and other consumer applica- 
tions. 

In addition to its simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37416M2-XXXSP and the 
M37416M2-XXXFP are the package outline and power dis- 
sipation ability (absolute maximum ratings). 


FEATURES 
© Number of basic instructions wile G8, 60's -0:ie iosies le 86 0s 0. wei eels te.6/8'€ Sie ee wiece wie 69 
e@ Memory size ROM eibne oi 60160.6 Wik. wb Lee ole o Slaw WRAL 86 eed ewe. 8 4096 bytes 


RAM cercccrrcccrtesscsesssrees eee ceeeeess 128 bytes 
@ instruction execution time 
viteees 1s (minimum instructions at 8MHz frequency) 


@ Single power supply f(X;y)=8MHZ----- 5V+10% 
@ Power dissipation 

normal operation mode (at 8MHz frequency) ---- 50mW 
@ Subroutine nesting 71 64 levels (max.) 
r ) Interrupt Soe eee eee eee ee eee eee ee eee ee eee ee ee eee eee eee eee eee 9 
@ 8-bit timer Aoi sieb 0S 6 woes Staselp. 9: Bre: Sl ela verb- eevee wie oiere Ni wieiepelavevelle 6 aSiee%6 gee 6 elle: alee 'e,a'e ? 
@ Programmable |/O ports 

(Ports PO, P1, P2, P3, P4, P5) neha Weekeheeetaeenweseouekuted 45 
© UART (full duplex) aT Soe ors Fal wdace Sas ve bigs ora G a ieleiavevereraiere ew eiaraare s-seareyniore’s 1 
8 Master CPU bus interface Cece mercer serersencereeereseseccs 1 byte 
e Comparator OTR ERR TN OCR CE RTC OEIC e 8-channel 
® Key on wake up Cee ene eee e meer nena eee er seer sense oereeeneneeees 8 
APPLICATION 


Office automation equipment 
Key pad, Key board 


eS 


PIN CONFIGURATION (TOP VIEW) 


P5,/CNTR + [1] 
P5,/CLK + 
P5,./CTS 


P5,/RxD > 
P3,/DB, + [6 
P3,/DB. 


I/O port P2 


P3,/DB, +> L9, 
P3,/DB3 10} 


P3,/DB, 
Lew se \/O port PO 
P4,/WR/R/W + [14] 
P4,/RD/E + [15] 
P4./CS + [16] 


dSXXX-cW9LP ZEW 


1/O 
poses P43/Proy - 18) 
P4,/IBS 19} 
P4,/OBS 
+> {21 
P4o/INTo + [21 ewer 
Reset input 
Clock tnput 
Clock output 
Timing output 


Voc 


M37416M2-XXXFP 
Vss 


P5,/CNTR +> 


P54/CLK +> 
P52./CTS ++ 
P5,/T,,D 

P5o/RxD + 56 | 


| 

[| 

io 

R 

a 

OBS + [a] 
P49/INTo + [8] 


P37/DB7 + [=| 
P3.6/DBe <> 
P35/DBs <> 
P3,4/DB, + [F] 
P33/DB3 «> 
P32/DBo + [2] 
P4¢/RD/E + [5] 
P45/CS «+ [E] 
P44/Ao 
P43/Proy +> 
P4,/IBS <> [E] 
P4,/OBS — 


Outline S6P6N 


NC : No connection 
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IHSIGNS_LIN bd 


M37416M2-XXXSP BLOCK DIAGRAM 


Clock Clock Timing Reset 
input output output input 
Xin Xour ¢ RESET Voc  Vss CNVsgs 


= | yg eer 
| generating 





circuit 









Bi am Pr J am Instruction 

counter counter ROM , 

PC,,(8) PC, (8) register(8) 
128 bytes Note 1 4096 bytes TT 


instruction 
PRE1(8 T1(8) decoder 


== 
os 
Prescaler Control signal 
TX(8) 






PREX(8) 





8-bit 

arithmetic 
and 

logical unit 










Accumulator pieces Index Index Stack 
A(8) register PS(8) register X(8)] | register Y(8 pointer S(8) 


ee bus 
Comparator Key on 

INTo 
{ 
| is pat) | ewer | ra) 
t 


| AAnaDE aan TMT UAE 
| [ nn Seno rie 
- GDGHG9GDADEDG-- Lb bbad 35)— - dasabahabadendy—- QDOOD IA ADA -CHAHADAADVDAD— - —OOOOO — 










P0;~ POo P1 ’ ies P1 4) P27~ P25 P37~ P35 P4,~ P4, P54~ P55 
1/O port PO 1/0 port P1 1/O port P2 I/O port P3 1/O port P4 1/O port P5 


Note 1 : Program counter PC, is only 5 bits long 


| 
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FUNCTIONS OF M37416M2-XXXSP 





Parameter Functions 
E 
Instruction execution time 1s (minimum instructions, at 8MHz frequency) 
Clock frequency 8MHz 












ROM SSCSC~*CAO tes 
Memory size 

RAM 128 bytes 

PO 9~ P07 8-bitX 1 


Pi1g9~P17 8-bitX1 
P29~ P27 /O 8-bit*1 (common with comparator input and key on wake up) 
P39~ P37 /O 8-bitX1 (common with data bus of system bus interface) 


P4o~ P4, 


P5o~ P54 


Input/Output ports 









8-bitX1 (common with control ports of system bus interface and INTo) 
5-bitX1 (common with UART) 

1 with programmable baud rate generator 
8-bitX2 (with 8-bit prescaler) 
8-bitX1 (port P2) Built-in 3-bit DAC (can be used as variable V7} input port) 
64 levels (max ) 









Timers 
Comparator 
Interrupt 

1-byte (separate tnput and output buffers) 


Clock generating circuit Built-in (Ceramic or quartz crystal oscillator) 
Supply voltage 5V+10% 
cOmW 










2 external, 6 internal, 1 software interrupts 




















at wait mode SmW 
Power dissipation . 
Ta=25C 0. O5mW 


at stop mode : 
Ta=70C 


0. 5mW 

Vsg—0. 3~Vec +0. 3 

+5mA (max ) 

—10~70°C 

CMOS silicon gate 

52-pin shrink plastic molded DIP 


Input/Output voltage 





Input/Output 
characteristics 


Operating temperature range 


Output current 









Device structure 





M37416M2-XXXSP 


Package 
M37416M2-XXXFP 56-pin plastic molded QFP é 
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PIN DESCRIPTION 


Vcc: Supply voltage 
Vss 
Xin 


Functions 


Power supply inputs 5V+10% to Vcc, and OV to Vss 


This is usually connected to Vgs. 


RESET Reset input 


Clock input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
Xout 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 





quartz crystal oscillator is connected between the Xjy and Xour pins If an external clock is used, the clock 
Clock output source should be connected the Xjy pin and the Xour pin should be left open. 


Timing output This ts the timing output pin. 


CNTR Timer !/O 1/0 This ts an I/O pin for the timer X 
INT, Interrupt input input This is the highest order interrupt input pin 
1/O 













I/O port PO Port PO is an 8-bit !/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output 

1/O port P1 1/0 Port P1 is an 8-bit 1/O port and has basically the same function as port PO. 

I/O port P2 I/O Port P2 ts an 8-bit I/O port and has basically the same function as port PO. Analog input of comparator or 
key on wake up function can be selected with a program. 

I/O port P3 1/0 Port P3 is an 8-bit I/O port and has basically the same function as port PO This port functions as an 8-bit 


data bus for the master CPU when slave mode is selected with a program 


1/O port P4 1/0 Port P4 is an 8-bit I/O port and has basically the same function as port PO. P4,~~P47 change to a control 
bus for the master CPU when slave mode ts selected with a program. P49 can be used as external interrupt 
input pin. 


1/O port P5 I/O Port P5 is an 8-bit !/O port and has basically the same function as port PO UART function, CNTR input and 


timer output can be selected with a program 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37416 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
~ Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 
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MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

° RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 


RAM 
(128 bytes) 


ROM 
(4096 bytes) 


Fig. 1 Memory map 


Interrupt vector area 





, 


¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
« Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


Special 
page for 
subroutine 
Call 
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ime ete | 


Fig. 2 SFR (Special Function Register) memory map 


Driver for UART baud rate generator 
Timer X prescaler 


Timer X 


Interrupt control register 


Timer control register 
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INTERRUPTS , 


Interrupts can be caused by 9 different events. 


Interrupts are vectored interrupts with priorities shown in . 


Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed in- 
terrupt inhibit flag | is set, and the program jumps to the 
address specified in the vector table. The reset and BRK 
instruction interrupt can never be inhibited. Other interrupts 
are disabled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt inhibit bit is “O”. There 
are two interrupt (three for UART transmit and UART 
receive) the interrupt becomes enable when both enable 
bits are “OQ”. 

The value of bit 3 of the data bus buffer control register 
(address 00F2,,) determines whether the interrupt is from 
INTp or from key on wake up. Only INTo interrupt is effec- 
tive when this bit is “1” at power down condition by STP or 
WIT instruction. When this bit is “1”, interrupt is caused by 
inputting “L” level to any port P2 using input mode. The 
value of bit 1 and bit 3 of interrupt request distinguish reg- 
ister (address OOEE,,) determine whether the interrupt is 


KWE 


INT, interrupt 


CPU stop signal 


Key on wake up 





| Interrupt request CA Interrupt disable flag 





Fig. 3 Interrupt control 





from input buffer full or from UART receive. When bit 3 is 
“1”, the interrupt is from the input buffer full interrupt, and 
bit 1 is “1”, the interrupt is from UART receive. Also bit 5 
and bit 7 of interrupt request distinguish register determine 
whether the interrupt is from output buffer empty or from 
UART transmit. When bit 7 is “1”, the interrupt is from out- 
put buffer empty and when bit 5 is “1”, the interrupt is from 
UART transmit. 


Table 1. Interrupt vector address and priority 


FFFFi¢, FFFE16 


FFFDi.6, FFFC 
wake up i us 


| Timerx | 8 FFB io, FFFAtg 


FFFQ16, FFF816 


Interrupt Priority 
RESET 


INT > or Key on 








Input bus buffer full or 
UART receive 


Output bus buffer full 
or UART transmit 


3 
4 


5 FFF716, FFF616 


FFF5i¢, FFF 4416 


UART control register (address 00F7;¢) 
Bit 4 : CTS function select bit 
Bit 3 : Receive interrupt enable bit 
Bit 1 °: Transmit interrupt enable bit 
Bit 0 : UART transmit enable bit 
Interrupt request distinguish register (address OOEE;¢) 
Bit 7 : Output buffer empty interrupt request bit 
Bit 6 : Output buffer empty interrupt enable bit 
Bit 5 : UART transmit interrupt request bit 
Bit 4 : UART transmit interrupt enable bit 
Bit 3 : Input buffer full interrupt request bit 
Bit 2 : Input buffer full interrupt enable bit 
Bit 1 : UART receive interrupt request bit 
Bit 0 : UART receive interrupt enable bit 
Interrupt control register (address OOFE,.) 
Bit 7 : INTo or key on wake up interrupt request bit 
Bit 6 : INTo or key on wake up interrupt enable bit 
Bit 5 : Timer 1 interrupt request bit 
Bit 4 : Timer 1 interrupt enable bit 
Bit 3 : Input buffer full or UART receive request bit 
Bit 2 : Input buffer full or UART receive enable bit 
Bit 1 : Output buffer empty or UART transmit interrupt request bit 
Bit 0 : Output buffer empty or UART transmit interrupt enable bit 
Timer control register (address OOFF¢) 
Bit 7 : Timer X interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
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When the two interrupt requests, which are the same prior- 
ity, are at the same sampling, the priority process is pro- 
cessed by interrupt request distinguish register. 

These request bits can be reset by a program but can not 
be set. The-interrupt requests bits which are in the interrupt 
control register and timer control register are reset auto- 
matically when interrupts are accepted. But the interrupt 
request bits which are in the interrupt request distinguish 
register are not reset automatically, so they must be reset 
by software. The contents of the B flag must be checked to 
determine if the BRK instruction caused or not. 


When STP 

instruction Is 

executed, this 
O circuit Is 
connected 


Oscillator Divider 
Timer 


mode 


Pulse width test mode 


| So - O 
Event counter mode 


P5,/CNTR 


Pulse output mode 
O 


b 


coercively 


Prescaler X (8) 


Timer X count stop bit (Bit 5 of address OOFF,,) 


Toggle flip-flop 


TIMER 

The M37416M2-XXXSP has two timers; timer X, and timer 
1. Timer X has four modes which can be selected by bit 2 
and 3 of the timer control register. When the timer X count 
stop bit (bit 5) is set to “1”, the timer X will stop regardless 
of which mode it is in. A block diagram of timer X, and tim- 
er 1 is shown in Figure 4. The CNTR pin is common with 
P5, and can not be used when this pin is used as normal 
port. 

The prescaler has an 8-bit programmable latch used as a 
frequency divider. The division ratio is defined as 1/(n+1), 
where n is the decimal contents of the prescaler latch. All 
timers are down-count timers which are reloaded from the 
timer latch following the zero cycle of the timer (i.e. the cy- 
cle after the timer counts to zero). 

The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,, and 
OOFFi¢, respectively (see interrupt section). The prescaler 
latch and timer latch can be loaded with any number ex- 
cept zero. 


Prescaler X latch = | Timer X latch (8) X latch (8 =a 


to timer X interrupt 
LAN ee X (8 


request bit 


eels as Reset, or STP instruction 


Data bus 


Prescaler Prescaler latch (8) Sal = | Timer 1 | Timer 1 latch (8) | ar 
to timer 1 


| Prescaler(8)_| 


Fig. 4 Block diagram of timer X and timer 1 


| Timer 1(8) | 1( 





* interrupt 
request 
bit 
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The four modes of timer X as follows: 


(1) 
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Timer mode (00) 

In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 

Pulse output mode (01) 

In this mode, the polarity of the P5,/CNTR signal is re- 
versed each time the timer down-counts to zero. 

Event counter mode [10] 

This mode operates in the same manner as the timer 
mode except the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

Pulse width measurement mode (11) 

This mode measures the pulse width (between lows) 
input to the P5,/CNTR pin. The timer, driven by the 
oscillator frequency divided by 16, continues counting 
during the low cycle of the CNTR pin. When the timer 
contents reaches “OQ”, the interrupt request bitis set to 
“4”, the timer’s reload latch is reloaded and the count- 
ing resumes. 

The structure of the timer contro! register is shown in 
Figure 5. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFy, and 0146, 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillators frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 


7 0 
Ae <eeee 
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Timer control register (Address OOFF;.) 


Processor mode bit 

0 0 : Single-chip mode 
OL 

10: oa used 

Laks 


Timer X mode bit 

0 0 : Timer mode 

0 1 : Pulse output mode 

1 0 : Event counter mode 

1 1 : Pulse width measurement mode 


Timer X count stop bit 
0 : Count start 
1 : Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1. Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 


Fig. 5 Structure of timer control register 
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BUS INTERFACE 

The M37416M2-XXXSP is equipped with a bus interface 
that is functionally similar to the M5L8041-XXXSP. Its op- 
eration can be controlled with control signals from the mas- 
ter CPU (slave mode). 

The M37416M2-XXXSP bus interface can be connected 
directly to either a R/W type CPU or separate RD, WR type 
CPU. Figure 7 shows a block diagram of the bus interface 
function. 

Slave mode is selected with data bus buffer control register 
(address 00F2,,) bit 0 and 1 as shown in Figure 6. 

An input buffer full interrupt occurs when data is received 
from the master CPU and an output buffer empty interrupt 
occurs when data is read by the master CPU. 

In slave mode, ports P39>~ P37 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the master CPU. 

Furthermore, ports P4,~P4, become master CPU control 
signal input pins and P4,~P4, becomes a slave status out- 
put pins. 


[Data bus buffer status register] DBBSTS 
This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CPU can only read these 
flags by setting the AO pin to “H”. 


P39/DBy O— 
P3,/DB, 0 
P3,/DB, O— 
P3,/DB; O—— 
P3,/DB, 
P3;/DBs 
P3,/DBg 
P3,/DB, 


System bus 





P4,/R/W/W 
P4,/E/R 
P4./CS 
P4,/Ag 
P43/Prpy 


P4,/IBF 


P4,/OBF 


Fig. 7 Bus interface circuit diagram 








Output fF L=D- 
bus buffer 


0 
Data bus buffer control register 
(address O0F2,,¢) 
— Bus interface enable bit 

0 : Inhibit 
1 : Enable (slave mode) 
Bus interface mode bit 
0 : RD, WR bus 


1 : R/W bus 

Key on wake up enable bit 

0 : P4y 

1 ! P29~P2; (for key on wake up) 





Data bus buffer status register 
(address 00F14,) 
——— Output buffer full flag 
0: Buffer empty 
1: Buffer full 
Input buffer full flag 
0: Buffer empty 
1° Buffer full 
User definable flag 
User may freely define this flag 
—_——_-_——--——- AQ flag 
Indicates the AO status when the 
IBF flag is set 
User definable flag 
User may freely define this flag 





ie 





Fig. 6 Structure of bus interface relation registers 


R/W DBBour 
DBB,y DBBSTS 
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* Output buffer full flag OBF 

This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. It is initialized to “1” at reset and 
cleared to “QO” when the slave mode is selected with the 
bus interface enable bit set. 

- input buffer full flag IBF 

This flag is set when the host CPU writes data in the input 
data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. This bit is initialized to “O” 
at reset. 

Execute the dummy write instruction to the input data bus 
buffer to clear this flag from the slave CPU side. The con- 
tents of input data bus buffer is not change because it is 
read only register. 


Ag flag 
The level of the Ao pin is latched when the host CPU writes 


data in the input data bus buffer. 


(Input data bus buffer] DBBIN 

Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
OOF0,¢). 


[Output data bus buffer] DBBOUT 

Data is written in DBBOUT by writing data in data bus buf- 
fer register (SFR address OOEF,,¢). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the Ag pin to “L”. 


Table 2. Control I/O pin functions when bus interface function is selected 




















Bus interface input/ 
Name 

mode bit Output 
P4, OBF = Output 
P45 IBF = Output 
P4, Praoy oa | Output 

hk te 

P4, Ao ous Input 

P45 CS = input 

P4.5 R 0 Input 

E 1 input 





P4, 





Status output OBF signal ts output 


Status output IBF signal is output 





Status output The NOR of OBF and IBE ts outnput. 


Address input Used to select between DBBSTS and DBBOUT during host CPU read 
Also used to identify commands and data during write 


Chip select input Used to select the data bus buffer Select when “L” 


Input: | Timing signal used by the host CPU to write data to the data bus buffer 


Function 

































Input Input R/W signal used to control the data transfer direction When this signal is “L”, 
data bus buffer write is synchronized with the E signal When tt ts “H”, data bus buffer 
read is synchronized with the E signal 
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(Transmit operation] 

When the send data is written to the transmit buffer regis- 
ter, the start bit, the parity bit, and the stop bit are added to 
the data, which is transferred to the transmit shift register. 
The transmit shift register begins shift when it becomes en- 
able for transmission, sending the serial data to TxD pin. 
For the description of the transmit enable state, see Table 3. 
In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com- 
pleted, it is checked whether the next data has been writ- 
ten to the transmit buffer register. If the data is found writ- 
ten, transmission of the next data begins. If the data is 
found not written, TxD pin is held at “H” until the next 
transmit data is written, setting the transmitter empty flag. 
When the transmit enable state is cleared during transmis- 
sion, the transmission is stopped after completing the trans- 
misslon of the transmit data so far written to the transmit 
buffer register. 

When the transmitter ready flag (bit 0 of the UART status 
register) is “1”, it indicates that the transmit buffer is ready 


Data bus 


for writing data. The immediately preceding data is trans- 
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART transmit interrupt request bit (bit 5 of the interrupt 
request distinguish register) is set. An interrupt is acknow- 
ledged when two UART transmit interrupt enable bits (bit 1 
of the UART control register, and bit 0 of interrupt control 
register) are all “1” and the interrupt disable flag | is “0”. 
Interrupt request bit (bit 1 of interrupt control register) is 
reset when the UART transmit interrupt is accepted. 

Note that an interrupt occurs only in the transmit ready 
state. 

Bit 6 of the UART control register initializes the UART 
transmit side. When this bit “O”, the transmit side is in the 
initial state. 


Table 3. Bit and pin status when transmission is ready 


TE : UART transmit enable bit 
CTSE: CTS pin function selection bit 
CTS : CTS pin input level 





8 
(address 00F3;,) 


Receive Receive 
buffer shift 
register register circuit 


UART control register Receive control 
(address 00F7 4.) circuit 


Baud rate (BRG) 
2] 
TSD 
CTSO 


Transmit control Ct 


(address 00F4,¢) 


Start bit detection 


UART status register 
(address 00F5,¢) 

UART mode register 
(address O00F64,) 


Baud rate (BRG) 





Transmit Transmit 
buffer shift 
register register 





Fig. 8 UART block diagram 
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UART 

The M37416M2-XXXSP contains one channel UART. It has 
three pins (TxD (transmit output), RxD (receive input) and 
CTS (clear to send)). The three pins RxD, TxD and CTS 
are common with P59, P5; and P5. respectively. P5g~ P52 
are selected to UART function pins when UART enable bit 
(bit 6 of UART mode register) to “1”. And it also has a CLK 
pin (the input pin of the external clock for band rate 
generation). This pin is selected as CLK function when the 
synchronous clock for baud rate generating synchronous 
clock select bit (bit 5 of UART mode register) is set to “1”. 
An interrupt can be generated at receive and transmit inde- 
pendently. 


[Receive operation] 

Setting the receive enable bit (bit 2 of the UART control 
register) to “1” puts the system in the receive ready state. 
When there is no input of receive data, “H” is input to RxD 
pin. When the falling edge is input to RxD pin and “L” input 
is detected twice consecutively by sampling with the clock 
having a frequency 16 times the baud rate, the start bit is 
triggered. Then, sampling is performed three time in the 
middle of the start bit. When “L” is detected twice or more, 
the receive operation begins, capturing the data bits into 
the receive shift register. If “L” has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receive shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found “L”. If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. Execute the dummy write 
instruction to the receive buffer register to clear the receiver 
ready flag. The contents of receive buffer register is not 
changed because it is read only register. Each error flag 
can bé reset by writing “1” to the error flag reset bit (bit 7 
of the UART control register). Any of these errors does not 
affect the receive operation. The data bit, the parity bit, and 
the stop bit are sampled three times in the middle of them 
each. When “L” or “H” is detected twice or more, “0” or “1” 
is determined respectively. 

Each time a receive operation has been completed, setting 
the receiver ready flag, the UART receive interrupt request 
bit (bit 1 of the interrupt request distinguish register) is set. 
An interrupt is acknowledged when the two UART receive 
interrupt enable bits (bit 2 of interrupt control register and 
bit 3 of UART control register) are all “1” and the interrupt 
disable flag 1 is “O”. The UART receive interrupt request bit 
which is in interrupt control register (address OOFE;,) is re- 
set when a UART receive interrupt is acknowledged. 
Setting the receive enable bit (bit 2 of the UART control 


register) to “O” puts the system in the receive stopped 
state. At this time, the receiver ready flag is “0” (ready) , 
the receive shift register is in the stopped state, and the 
start bit detection is stopped. 
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[UART divider for baud rate generator] 

This is an 8-bit programmable divider which generates the 
baud rate for the UARTIi receive or transmit operation. 
When the setting value is Nar (0 to 255), the divide ratio 
becomes 1/(Nga+1). There are three count sources; Xi 
clock divided by 2, Xj clock divided by 32, and the exter- 
nal clock. Choose sources by bits 4 and 5 of the UARTI 
mode register. Table 4 shows the baud rate calculation and 
example for each bit combination. 

When the external clock is used, the frequency of the input 
clock must be below 1.6 MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UARTi control register are both “0”. 


Data bus 


8 


8 
Baud rate register Baud rate counter 


CLK O 


a Selection gate : Connected 


to black colored side at 
reset 


Fig. 9 Baud rate generating circuit 





Table 4. Baud rate calculation and example | 


EX | BR | ——e Count source | Baud rate 


ee [meen 
aries f(Xiy) =7. 3728 MHz | 4800 bps 

512(Nea+1) w) P 

[x] Five | Ste] 0a 
{(Xiy)=1.536 MHz} 9600 bps 






baud rate(bps)=— a) 






baud rate(bps)= 





baud rate(bps)= 





16( 16(Noa-+1) 
EX : Clock selection bit for baud rate generator 
BR : Divide ratio selection bit for baud rate generator 


8 


Baud rate (BRG) 
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[CTS pin) 

The CTS pin can be used as the 1-bit 1/O port when bit 4 of 
the UART control register is “0”. In this case, the input/out- 
put direction can be determined by bit 7 of the UART mode 
register and the output data can be set by bit 5 of the 
UART control register. Additionally, the input level can be 
known by bit 7 of the UART status register. 


[UART mode register] 

This register except the bit 6 is write-only register and can- 
not be read out. Use the LDM instruction to write to this 
register. 

- Parity enable bit: PEN 

Setting this bit to “1” adds a parity bit to the transmit data. 
In a receive operation, this bit is used for parity evaluation. 

- Parity select bit: EVN 

This bit specifies the parity bit to be generated in a trans- 
mit operation and the parity bit to be evaluated in a receive 
operation. Depending on the content of this bit, the number 
of 1’s in data is made even or odd. 

- Character length select bit: CHL 

This bit specifies the character length of data. 

- Stop bit length select bit: ST 

This bit specifies the stop bit length. 

- Baud rate generating prescaler divide ratio select 
bit: BR , 

When this bit is “0”, the signal obtained by dividing Xin 
clock by 2 becomes the count source of the baud rate di- 
vider. When this bit is “1”, the signal is obtained by dividing 
the clock by 32. 

- Baud rate generating synchronous clock selection 
bit: EX 

This bit specifies baud rate synchronous clock. When this 
bit is “1”, external clock is input from the clock pin. 

* UART enable bit: UARTE 

P59~P5p is selected UART function when this bit is “1”. 

- CTS pin I/O select bit: CTSD 

When this bit is “O”, the CTSi pin is the input pin. 

When this bit is “1”,.the pin is the output pin. To use the 
CTS pin as the CTS input, set “0”. 








[UART control register] 

* Transmit enable bit: TE 

Setting this bit to “1” enables a transmit operation. 

* Transmit interrupt enable bit: TIE 

When this bit is “1”, the interrupt in a transmit operation is 
enabled. 


* Receive enable bit: RE 

Setting this bit to “1” enables a receive operation. 

- Receive interrupt enable bit: RIE 

When this bit is “1”, the interrupt in a receive operation is 
enabled. 

- CTS pin function select bit: CTSE 

When this bit is “1”, the CTS pin becomes the CTS input. 

- CTS output data select bit: CTSO 

When this bit is “0”, “L” is output. When it is “1”, “H” is 
output. 

- Transmit side initialize bit: MR 

When this bit is “0”, the transmit side is initialized. 

- Error flag reset select bit: ERST 

Setting this-bit to “1” resets all error flags. When this bit is 
read, “0” is always read. 


[UART status register] 

- Transmitter ready flag: TxXRDY 

When this flag is “1”, it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

- Receiver ready flag: RxRDY 

When this flag is “1”, it indicates that the receive buffer 
register is holding receive data. When the receive buffer 
register is read, it is cleared. 

- Transmitter empty flag: TEMP 

When this flag is “1”, it indicates that neither the transmit 
shift register nor the transmit buffer register hold the data 
to be transmitted. 

- Parity error flag: PE 

This bit is set to “1” when the parity of the received data is 
different from the parity which was set. 

* Overrun error flag: OR 

When this flag is “1”, it indicates that, before the data in the 
receive buffer register is read, the next data is transferred 
from the receive shift register to the receive buffer register 
and the previous data is lost. 

+ Framing error flag: FE 

This flag is set to “1” when the stop bit is found “L” when 
data is transferred from the receive shift register to the re- 
ceive buffer register. 

- CTS pin input level flag: CTS 

When the input level of the CTS pin is “L”, “0” is read, 
when it is “H”, “1” is read. 
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7 0 fj 0 
PEEPS meses eee ||| 
(address O0F6,.) 


Parity enable bit 
0 : Parity disable 
1 : Parity enable 
Parity select bit 


0 : Odd parity 

1 : Even parity 

Character length select bit 
0 : 7-bit 

1 : 8-bit 

Stop bit length select bit 

0 : 1-stop bit 

| : 1-stop bit 


Baud rate generating prescaler 
divide ratio select bit 

0 : Xp, clock divided by 2 

1: Xi clock divided by 2 
Baud rate generating synchronous 
clock select bit 

0 : Internal clock 

1 : External clock 

UART enable bit 

0 : UART disable 

1 : UART enable 

CTS pin I/O select bit 

0 : Input 

1 > Output 


7 0 
eos [= Dlr “as 
(address 00F54¢) 


Transmitter ready flag 

0 : Transmit buffer full 

1 : Transmit buffer empty 
Receiver ready flag 

0 : Receive buffer empty 
1 : Receive buffer full 
Transmitter empty flag 

0 : Exit data for transmit 
1 : No data for transmit 
Parity error flag 


0 : No error 

1: Error 
Overrun error flag 
0 : No error 

1 : Error 
Framing error flag 
0 : No error 

1 : Error 

CTS pin input level flag 
0:2 *L" 

1: “H” 


Note - 


Fig. 10 Structure of registers related to UART 
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UART control register 
(address 00F74¢) 


Transmit enable bit 

0 : Transmit disable 

1 : Transmit enable 
Transmit interrupt enable bit 
0 : Interrupt disable 

1 : Interrupt enable 
Receive enable bit 

0 : Receive disable 

1 : Receive enable 
Receive interrupt enable bit 
0 : Disable 


1 : Enable 

CTS pin function select bit 
0 : 1/0 port 

1 : CTS pin 

CTS output data select bit 
0 : “L” output 

1 : “H” output 

Transmit side initialize bit 

0 : Initialize 


1 2 Transmit enable 

Error flag reset selection bit 
0 : Reset disable 

1 : Error flag reset 


t 


Use the LDM instruction to write to this register 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 11. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, comparator control reg- 
ister (address 00EC,,), comparator data register (address 
OOFD,,), and analog signal input pins, P29>~P27. 

These analog input pins are common with the digital input/ 
output terminal to the data bus. 

The 3-bit comparator register can generate 1/8V.--step in- 
ternal analog voltage, based on the settings of bits 0 to 2. 
Table 5 gives the relation between the descriptions of com- 
parator register bits 0 to 2 and the generated internal ana- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the compa- 
rator data register. 

The digital value corresponding to the internal analog vol- 
tage to be compared is written in the comparator control 
register (address OOFC,,), bits 0 to 2. The voltage com- 
parision starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the comparator data register. Each bit of com- 
parator data register is “1” when analog input voltage > in- 
ternal analog voltage and “0” when analog input voltage < 
internal analog voltage. 

When voltage is compared to by setting bits 0 to 2 of the 
comparator register “O”, each bit of the comparator data 
register becomes “1” regardless of the analog input vol- 
tage. The reference voltage is generated for 4 cycles, 
when ladder resistor is ON. The ladder resistor is OFF for 
current power save, when the comparator does not operate. 


data bus 


8 


Comparator 


data register | (address 00ED,,) 


Comparator 


cee 


omparator 


| 
| 
| | 
| 
| | 
| 


an 


omparator 


Comparator connection signal 


Fig. 11 Comparator circuit 





Since the comparator consists of the capacitive coupled 
configuration, f (Xj) is needed larger than 1MHz during 
comparision. 


Table 5. Relationship between the contents of 
comparator register and internal voltage 


Comparator register 
Internal analog voltage 


1/8Vec—1/1 6Vocc 
2/8Vcc—1 /1 6Vocc 
3/8Voc—1 /1 6Vcc 


4/8Vcc—1 /1 6Vcc 
5/8Vcc—1 /} 6Vcc 


6/8Vcc—1 /1 6Vcc 
7/8Vcco71 /1 6Voc 





Comparator control register 
(address 00EC,,) 


Ladder resistor 





omparator 
control 
circuit 
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KEY ON WAKE UP 

“Key on wake up” is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port P2 has a “L” level applied, after bit 3 of the 
data bus buffer control register (KWE) is set to “1”, an in- 
terrupt is generated and the microcomputer is returned to 
the normal operating state. As shown in Figure 12, a key 
matrix can be connected to port P2 and the microcomputer 
can be returned to a normal state by pushing any key. 


Port P4, 
directional register 


P4o/INTo 


Port P2, 
directional register 


ID 


| 
| 
| 
| 
| 
| 


Port P2, 
directional register 


> 


Port P2, 
directional register 


oe Port PX x 
“L” level output 





Fig. 12 Block diagram of port P2 and P32, and example of wired at used key on wake up 


The key on wake up interrupt is common with the INTo in- 
terrupt. When KWE is set to “1”, the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INTy 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (1) is “0” 
and KWE is “1”, all of port P2 must be input “H”. 





INT, interrupt request signal 





ae SR 
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RESET CIRCUIT 


held “L” until the oscillation of Xiy-Xoyr becomes stable. Data bus buffer status register (Fae) x]x]x| x1] 0] 4 | 


Data bus buffer control register (F216) °° lolojo|xfojo, 


The M37416M2-XXXSP is reset according to the sequence Address 

shown in Figure 15. It starts the program from the address Port PO directional register (EL) 006 | 
formed by using the content of address 1FFF,, as the high Biatis eae ; coe 
order address and the content of the address 1FFE,. as the = a a ate s 

low order address, when the RESET pin is held at “L” level Port P2 directional register (E516)"~ 
for more than 2us while the power voltage is in the recom- Port P3 directional register (E7i6)*"° 
mended operating condition and the crystal oscillator Port Pa directional-yeulster (E9,¢)--* 
oscillation is stable and then returned to “H” level. The in- 

ternal initializations following reset are shown in Figure 14. ia aad ee EEEDOODO 
An example of the reset circuit is shown in Figure 13. Comparator control register (ECig)* 
When the power on reset is used, the RESET pin must be Interrupt request distinguish register (EE,6)--- 


Power on 


UART mode register F616)°"° 00 
M37416M2-XXXSP g (F616 16 





UART control register (F716) |X} 0} 0 0. 0 0 0/0 





Prescaler X (FCig)-*° FFig 


Timer X (FD46)°"° O1i6 


ii 


He 








Interrupt control register (FEy,6)°"° 00,6 


Timer control register (FFig):*: | 0 fofo|x{o}olo 
Interrupt disable flag for 

(PS)-+ 1 
processor status register 
Program counter (PCyaet tee 








Contents of address 


(PC_)-* 1FFE16 
Supply voltage 

detection circuit 
Since the contents both registers other than those listed above and the 


RAM are undefined at reset, it is necessary to set initial values 
Note : * means mask option 





Fig. 14 Internal state of microcomputer at reset 





Fig. 13 Example of reset circuit 


(Xin) 


RESET 


Internal RESET 


SYNC | 
Address (> | K00.s K00.s-1)K00.s-2 FFFE X FFF YX ‘ap ) 
Data CK 2K EMR 2K LK MAD) 


Reset address from 
the vector table 


Note 1 : Frequency relation of f(Xjy) and ¢ 1s f(Xin)=4°¢ 
8~12 clock cycles The mark “?” means that the address is changing 
depending upon the previous state 





Fig. 15 Timing diagram at reset 
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VO PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address OOEO;¢. 
Port PO has a directional register (address 00E1,,) 
which can be used to program each individual bit as 
input (“O”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Port P1 

Port P1 has the same function as port PO. The I/O level 
is TTL compatible. 

Port P2 

Port P2 has the same function as PO. Following the ex- 
ecution of STP or WIT instruction, P2 can be used to 
generate the “wake up mode”. This mode is used to 
bring the microcomputer back in its normal operating 
mode after being in the power-down mode. Also this 
port has comparator function. For more detailes, see 
the comparator information. 

Port P3 

This is an 8-bit !/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register. The I/O level is TTL compatible. 


(5) 


Port P4 

This is an 8-bit input/output port with function similar to 
port PO. When slave mode is selected with a program, 
ports P4,~P4, change to the control bus for the bus in- 
terface function. In this case, port input/output is un- 
affected by the directional register. 

Port P4, are shared with the external interrupt input pin 
(INTo). The INT, interrupt constantly monitors the sta- 
tus of this port and generates an interrupt at a valide 
edge. Therefore, if the INTo interrupt is not used, it 
must be disabled and if it is used, this port must be set 
to input. The I/O level of port P4 is TTL compatible ex- 
cept the case that the input level of some ports which 
function as INT. Ag or CS are CMOS compatible. 

Port P5 

Port P5 is an 5-bit |/O port with function similar to port 
PO. All pins have program selectable dual functions. 
When a UART function is selected, the input and output 
from pins P5y~ P53 are determined by the contents of 
the UART mode register and UART control register. 
Port P5, is common with CNTR pin. 

The I/O level is TTL compatible except the case when 
some ports which function as RxD, CTS, CLK and 
CNTR are CMOS compatible. 

Clock ¢ output pin 

This is the timing output pin. When selected the main 
clock (Xjy-Xour) as the internal system clock, the 
clock frequency divided by four is outputed. 

“H” is output from this pin when STP or WIT instruction 
is executed. 
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Port PO, P1 





Directional register 
Data register : 


Q) 
A 


Data bus 


& 





Port P2 


CJ 
aay 
fas 

7 


J 





Data bus 


Key on wake up circuit 


Comparator on signal 


Comparator circuit 


| P30™ P3; 


P45/CS 
P4,/R 
Bus interface enable bit 


(ener 
Directional register 
if Data register c 


a: 


4 


Output buffer 


P4,/Ao 


Status register 
(Senate i 


Input register 






Data bus 


il 












\ 


(P83, does not have a status register and OBF flag ts set 
@P3, does not have a status register and IBF flag Is set. 
@P3z3 does not have a status register and Ao flag is set 


Fig. 16 Ports PO~P6 block diagram 













P4o 





eae 
fame 
Data register 


os 


4 





Data bus 





P4,~P4, 


Bus interface enable bit — 


¥ f 
Directional regtster 7 
ee register dl | 44 


med 
ne 











Data bus 








Parallel ready output 


DBB control output P4,°-°:*: OBS output 
P4o°°°-' IBS output 
P43°--°°: Prpy output 





P4,~P4, 


Bus interface enable bit 


eee 
Directional register 
[persicae register q 


= 


4 





Data bus 





DBB control input P44:°-+*: Ao Input 


P45------CS input 
P4, esting R/E input 
P47----*-W/R/W input 
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P5 UART enable bit 
P5 ? Baud rate generating 
ce) synchronous clock select bit 


4 
Data register 
i Data register i 












Data bus 







Data bus 








PS, 

Pye ad 

Ps, pee, 
Data bus Data register 






Event counter input 
Event interrupt input 


Data bus 





P52 


CTS pin 1/O selection bit 


CTS pin function selection bit 
UART enable bit 


CTS function selection bit 
UART enable bit 


4 
Data register m= 


ct 


CTS output 













Data bus 


lL 






Fig. 17 Ports P5 and ¢ block diagram 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
21. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF, and 
01,46, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er X count stop bit (bit 5 of address OOFF,,¢) must be set to 
“0” before executing STP instruction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figures 18 and 19. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock uasge is shown in Figure 20. 
Xin is the input, and Xouz is open. 


Interrupt 
request 


Interrupt 


disable flag | 


STP instruction 








De HE 
; S eae 





Reset 
S Q Q S 
WIT 
R R STP instruction 
instruction 


M37416M2-XXXSP 


Xout 


Fig. 18 External ceramic resonator circuit 


M37416M2-XXXSP 





Fig. 19 External ceramic resonator (capacity built-in 
type) circuit 


M37416M2-XXXSP 


Xin Xour 


External 
oscillating 
circuit 





Fig. 20 External clock input circuit 


1 


- © Internal clock ¢ 


Overflow 


Timer X converter stop bit 


Fig. 21 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n-+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When the timer X or timer 1 is input the clock except ¢/4 
or it divided by timer, read the contents of these timers 
either while the input of these timers are not changing 
or after counting of timers are stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) The STP instruction must be executed after setting tim- 
er X count enable bit to enable “0”, timer X interrupt 
enable bit to inhibit (“0”), and timer X interrupt request 
bit to no request (“0”). 

(7) Use the LDA (immidiate, T=1) instruction to modify 
the interrupt request distinguish register. SEB and CLB 
instructions can be used only when interrupts in the 
register are not generated at executing these instruc- 
tions. 

(8) Do not write any data into an address where no regis- 
ter nor port is assigned. : 

(9) The power current is max. 10mA in DC. However, be- 
cause a rush current and a bus charge-discharge cur- 
rent flow transiently, a bypass capacitor must be con- 
nected between Vss and Vcc. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

¢ mask ROM order confirmation form 

* mark specification form 

e ROM data::::-- EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 


oo Supply voltage 

V; Input voltage X;y, RESET 

1 . 
Vo 


— 
|v With respect to Vss v 
y Input voltage PO0g~P07, Plo~P17, P29~P2z, Gutoutiranelat 0.3~V 0.3 
utput transistors are —0.3~ : 

P389~ P37, P4g9~P47, P5p~P54, CNVss : i ‘at ald : 

at “off” state. 
Output voltage POp~P07, P1o~P17, P2p>~P27, 
—0. 3~Voect0. 3 Vv 
P39~P37, PS5p~P5,4, Xout, 


[Pa [Powerdsiaton Ta j000(Nate 1 
opr | Overang tempore 1070 
25 





V 















Note 1 : 500mW in case of the flat package 


RECOMMENDED OPERATING CONDITIONS 


(Voc=5V+10%, Ta=—10~70T unless otherwise noted) 
Parameter 


Supply voltage 


Supply voltage 
“H” input voltage RESET, Xij, CNVsg (Note 1) 


“H” input voltage PO0o~P07, P29~P27 (Note 2) 
“L” input voltage CNVsg (Note 1) 

“L” input voltage Pip~P17, P39~P37, P4g~P4;, 
P5o~P5,, (expect Note 1) 
Vit “L” input voltage PQ 9~P07 


“L” input voltage P29~P27 (Note 2 


“H” input voltage P19~P17, P89~P37, P4o~P4z, 
P5o~P5,, (expect Note 1) 


“L” input voitage RESET 


Voc 
Vss 
Vin 
Vin 
Vin 
Vin 
Vie 
“L” input voltage Xiw 





“L” peak output current PQg~P07, P1o~P17, 
lou(peak) P29~P27, P3o~P3z, 
P59™~P5, 


“L” average output current POo~PO7, P1o~P17, 
P59~P5,4 (Note 3) 
“H” peak output current POg~P07, Plo~Ptz, 
P29~P27, P3o9~P3;, 
, P50~ P54 
“H” average output current POo~P07, P1o~P17, 
P29~P27, P39~P37, 
P5o~P5, (Note 3) 


Internal clock oscillating frequency 


Note 1 : Ports operating as special function pins INTo(P49), Ap(P4_), CS(P45), RxD(P5,), CTS(P5,), 
CLK(P53), CNTR 
2 : See comparator characteristics for input voltage as comparator input 
3 : The total of lo. of Port PO, P1, P2 and ¢ should be 40mA (max.). 
The total of lo. of Port P3 and P5 should be 40mA (max ) 
The total of low of Port PO, P1, P2 and¢ should be 40mA (max ). 
The total of lox of Port P3 and P5 should be 40mA (max.) 








_ _ MITSUBISHI 
ae ate MTSUBS 


MITSUBISHI MICROCOMPUTERS 


M37416M2-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 










ELECTRIC CHARACTERISTICS (Vcc=5V410%, Veg= 0 V, Ta=—10~70°, f( Xin) =8MHz) 


ee win [typ [Max | 


“H” output voltage # Tie gueaaaiacemete: BAN anaes maaan ire 


“H” output voltage POQg~P07, Plp~P17, P2o~P27, 
lon =—5mA 
P30~ P37, P5o9~P5,4 
“L” output voltage POp~PO7, Plo~P17, P2o~P27, 
lo. =2mA 0. 
P3, o~ P37, P5o~ P5, 




















“L” output voltage P0o~ PO,, P1 o™ P1 Ts P29~P2z7, 
lot =5 mA 
P39~ P37, P5o~ P54 


Hysteresis P2y~P2z, INTp(P4), Ag(P4,), CS(P4s), ia tira i 
u a 
RxD(P5p), CTS( P55), CLK(P53), CNTR RPM 


Hysteresis RESET 
Hysteresis Xjx 


“L” input current PQgo~P07, P19~P17, 
P3p~P37, P49~P47, P5o~P5a, 
RESET, Xin 
“H” input current PQo~P07, P1p~P17, P2o 
P39~P37, P4p~P47, P59~P5a, 
RESET, Xin 
RAM retention voltage 


























At lAtstopmode  s—s—is@Y mode 


(Xin) =8MHz 
ei eee) | 
f( Xin) =8MHz, ahaa IS Operation, mas 
Epoque ga A Mi 
Adlog note Ta=256 i ane es ae 8 re 
(Note 1) /Ta=70C sd 


Note 1 : Output pin ¢ is open Vsg is inputs to ports Comparator conversion is complete condition 





Supply current 












COMPARATOR CHARACTERISTICS (Vcc=5V+5%, Vec=0V, Ta=25C, f(Xin) =8MHz) 


arameter 7 ni 


win ft 

Reset Se 
a 
Ess 





Internal analog voltage error 
Analog input voltage 
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TIMING REQUIREMENTS 
Port/single-chip MOde (Voc=5V+10%, Vsg=0V, Ta=—10~70, unless otherwise noted) 


Symbol Parameter Test condition 
Min Typ 


feu 6) 200 
isutese= 9) 200 
thc ¢—P1p) Port P1_ input hold time 


thi ¢ —Ppap) Port P4 input hold time 


th(¢ —psp) Port P5 input hold time 


tc (Xin) External clock input cycle time 







































XS 











tw(XinL) External clock input “L” pulse width 





tw(XinH) External clock input “H” pulse width 


tr( Xin? External clock rising edge time 
te(Xin) External clock falling edge time 








Master CPU bus interface timing (R and W separation type mode) 
(Vec=5V#10%, Vss=0V, Tg=—10~70T, unless otherwise noted) 











Parameter Test condition 

















tsu(cs—Rr) cs setup time 












thcR—a) Ao hold time 
thcw—a) Ao hold time 


Read pulse width 
Date input setup time before write 


Master CPU bus interface timing (R/W type mode) 


(Voc=5V110%, Vss=0V, Tg=—-10~70°C, unless otherwise noted) 


Symbol Parameter Test condition 


cs setup time 
CS hold time 





























twieL) Enable clock “L” pulse width 
tw(eH) Enable clock “H” pulse width 


tre) Enable clock rising edge time 





tfce) Enable clock falling edge time 








tsu(p—E) Data input setup time before write 














th(e—p) Data input hold time after write 
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SWITCHING CHARACTERISTICS | 
Port/single-chip Mode (Vcc=5V+10%, Vss=0V, Ta=—10~70°, f( Xin) =8MHz unless otherwise noted) 


; | Limits 
Symbol Parameter Test condition 


Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time Fig 22 






Port P3 data output delay time 
Port PS data output delay time 


Master CPU bus interface (R and W separation type mode) 


(Vec=5V10%, Vss=0V, Ta=—10~70°, f(Xin) =8MHz unless otherwise noted) 


Symbol Parameter Test condition 


Data output enable time after read 


| 
Proy Output transmission time after read 





Master CPU bus interface (R/W type mode) 


(Voo=5V10%, Vss=0V, Tg=—10~70°C, f( Xin) =8MHz unless otherwise noted) 


Symbol Parameter Test condition 


| Min | Typ. | Max _| 
Data output enable time after read a 
Data output disable time after read 











OBF output transmission time after E clock Fig.23 


IBF output transmission time after E clock P| 
Proy Output transmission time after E clock ay 


TEST CONDITION 


Input voltage level > V,, 2. 4V 
Vir 0.4V 
Output test level > Vo, 2.0V 
Vo. 0.8V 





Fig. 22 Test circuit in Fig. 23 Master CPU bus interface 
single-chip mode test circuit 
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TIMING DIAGRAM 


Port/single-chip mode timing diagram 


tc (Xin) tw(XinH) tw( XL) 















Xin 
tc(¢) 
F 2.0 2.0 2.0 
, 0. 8 0.8 
tw 
ae tfc ) tr(¢) 
tSU(pip—¢) 
24 \- 
Port Pi input 0.4. 0.4 
td(g—pip) th ¢ —pip) 


Port P cay 
ort Pt output 
0.8 


Note : Vin=0. 8Vcc, Vii=0. 16Voc of Xin 


Master CPU bus interface/ R and W separation type timing diagram 


Read 


Ao 


DB,~DB, 





Pan 2.0 


tpHL(R—OBF) 


0.8 
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Write 


tsu(a4—w) thiw—a) 


2.4 2.4 
Ao | . e > 
a ae FE -> 


tsu(cs—w) thiw—cs) 
= 0.4 i : 0.4 








Ww 

DBy~DB, 

IBF 2.0 
teLH(w—IBF) 


U 


Master CPU interface/ R/W type timing diagram 


tW(eEL) tW(eH) 
E 
0.4 0.4 i 


tSu(a—e) 


; 0.4 
the) 
th(e~a) 
Ao 
fj II 
R/W 0. 4 


th(e—cs) & 
cs 
0.4 0.4 





read 


tt 
DBo~DB, 0.8 4 aa 


ta(e—p) : 


tVie—p) 


tSU(p-e) 
th(e—p) 
write 


fos 
DBo~DB, | 
OBF ; 0.8 
tpHL(E—oBF) 


IBF 20) 





2.0 


Prpy 


UL 
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DESCRIPTION 

The M37420M4-XXXSP and the M37420M6-XXXSP are 
single-chip microcomputers designed with CMOS silicon 
gate technology. All are housed in a 52-pin shrink plastic 
molded DIP. 

These single-chip microcomputers are useful for household 
appliance and other consumer applications. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37420M4-XXXSP and the 
M37420M6-XXXSP are noted below. The following explana- 
tions apply to the M37420M6-XXXSP. 

Specification variations for other chips are noted accor- 
dingly. 


M37420M4-XXXSP 8192 bytes 192 bytes 
M37420M6-XXXSP 12288 bytes 256 bytes 





FEATURES 

@ Number of basic instructions ET ee OE eS eee Oe 69 
@ Memory size ROM -::12288 bytes (M37420M6-XXXSP) 
8192 bytes (M37420M4-XXXSP) 
RAM:::-- 256 bytes (M37420M6-XXXSP) 
192 bytes (M37420M4-XXXSP) 

@ Instruction execution time 
pasate 1s (minimum instructions, at 8MHz frequency) 


@ Single power supply f(Xij)=8MHZ- ee 5V+10% 
@ Power dissipation 

normal operation mode (at 8MHz frequency) :---30mW 
@ Subroutine nesting «ce 96 levels ( Max.) 
e@ Interrupt seen cence rene rer ees ee eases eenseeesesees 7 types, 5 vectors 
@ 8-bit timer ee rr rr re ee ee ee ee ee ee ee 4 
@ Programmable |/O ports (Ports PO, P1, P2, P3, P4)---- 42 
e Input port (Port P5) use 5 eree ait e tities Wo. a eialae Wate Saha Diese ie etelw etotetels arse 8 
@ Serial |/O (8-bit/16-bit) wisia a inlgre alareve sin Oonrvin ewes laa 24 aitGieis ginioieiaaw dian 4.05 | 
@ A-D converter::::--+-+-+-+: 8-bit successive approximation 
@ D-A converter | 
@ 14-bit PWM function 
@ Watchdog timer 
APPLICATION 


VCR, TV, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 


P6,/DA2 ++ 
P6)/DA, + [4] 
P4,/AN7 +> 


P45/ANs +> 
P4,/AN, + [8 | 
P37/Srpy + L9| 
P3,./CLK «+ [10] 
P35/Sour LY 
P34/Sin 
P33/CNTR 


P3,/INT> +> 

P39/INT, +> 

P57/PWM + 

V0 port} P5e/YPLS + 
P5 P5;/Q ++ 

P5,/VPLS + 

input por P53/T/EDs > 

CNVsg 

Reset input RESET 

Clock input Xin — 

Clock output Xoyr 


Outline 52P4B 


dSXXX-9W0crZEW 
10 
dSXXX-vVNOZPLEN 


1/O port P2 


1/O port PO 


I/O port P1 


+ P5o/EDo 
+ P5,/ED, 
+ P5./ED2 


Input port 
P5 
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M37420M6-XXXSP BLOCK DIAGRAM 


Clock input Clock output Reset input 
Xin Xout RESET Voc Vss CNVsg 








generating 
circuit 










RAM 
256 bytes 
(Note 2) 


ROM 
12288 bytes 
(Note 1) 














Instruction 
register (8) 


Instruction 
decoder 


Program Program 
counter counter 
PC,,(8) PC, (8) 













eoeaenny 
Control signal 
a 
Processor meat | 
arithmetic Accumulator status hidex Index Stack 

and ‘logical A(8) register register X(8) register Y(8) pointer S(8) ae 
unit PS(8) ae 
eer 





| | i 


hy 












D-A Pulse width Y } ree hae ! INT, 
converter (8 modulator (14) g } ree Lan ie case 6 tis | INT» 
pas See oa es 





Note 1 : 8192 bytes for M37420M4-XXXSP 
2 : 192 bytes for M37420M4-XXXSP 
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FUNCTIONS OF M37420M6-XXXSP 


Number ofbascinemuns ——SsC*C=“‘COCSC*#*é‘“‘é‘“N™SC*C*dSSSS“‘“DN NW-— 
Volock tequeney a 


12288bytes (8192 bytes for M37420M4-XXXSP) _ 
256bytes (192 bytes for M37420M4-XXXSP) 


PO, Pt, P2, P3, P4, P54~P5r, P6 8-bitX3, 6-bitX1, 4-bitX3 

















: 


Interrupts Two external interrupts, Three internal timer interrupts (or timerX2, SI/OX1) 


















Clock generating circuit Built-in (ceramic or quartz crystal oscillator) 
5v+10% 

at high-speed operation 30mW (at 8MHz frequency) 

Input/Output voltage 12V (Ports PO, P1, P3) 

Operating temperature range —10~70C 


Device structure CMOS silicon gate process 


Package 52-pin shrink plastic molded DIP ; 


Supply voitage 








Power dissipation 


Input/Output characteristics 
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PIN DESCRIPTION 


Input/ ; 
Functions 
Output 


Vcc: Supply voltage Power supply inputs 5V+10% to Vcc, and OV to Vgs. 


Vss 


RESET Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 2s (under normal Voc 
conditions) If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 


ro) 
POg~~ PO, | |/O port PO 


















This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xour pins If an external clock is used, the clock 
source should be connected the Xjxy pin and the Xour pin should be left open. 










Port PO ts an 8-bit I/O port with directional register allowing each |/O bit to be individually programmed as 
input or output At reset, this port is set to input mode 
The output structure is N-channel open drain 














1/O port P1 


P25~P27 | I/O port P2 \1/O 


P39~~ P37 | I/O port P3 1/0 Port P3 1s an 8-bit 1/O port and has basically the same functions as port PO When serial I/O ts used, P3;, 
P36, P35, and P34 work as Sppy, CLK, Sour, and Sin pins, respectively 
Also P33 and P32 work as CNTR pin and the lowest interrupt input pin (INT2) , respectively 

P44~ P47 


P59~P53 | Input port P5 
_ 7 


P69~P63 | Output port P6 


Port P1 1s an 6-bit 1/O port and has basically the same functions as port PO 









The output structure is N-channel open drain 


Port P2 1s an 8-bit I/O port and has basically the same functions as port PO, but the output structure is 
CMOS output 


















I/O port P4 1/0 Port P4 ts an 8-bit 1/O port and has basically the same functions as port PO P42.~P47 work as analog input 
port AN4z~AN7 













Low-order 4-bit of port P5 1s input port These can be used as the edge sence inputs P5o~P5z2 detect the 
rising edge and P53 detects both edges Also, P53 is common with the external trigger and V pulse, Y 
pulse generator trigger input 


High-order 4-bit of port P5 1s I/O port and has basically the same function as port PO P57 is common with 
the 14-bit PWM. The output structure is CMOS output 















Port P6 is an 4-bit output port At external trigger output mode, P69 and P6; are in common with the trigger 
input pin (T) and the trigger output pin (Q), respectively 
The output structure is N-channel open drain. 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37420 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


Timer Control Register 
The timer control register is allocated to address OOFF 4g. 
This register has a stack page bit. 


Timer control register (Address O0FF,.) 


Processor mode bit 
0 0 : Single-chip mode 
0 
Vo ns used 
ae ae 
Timer X mode bit 
0 0 : Timer mode 
0 1 : Pulse output mode 
1 0 : Event counter mode 
1 1 : Pulse width measurement mode 
Stack page bit 
0 : 0 page 
1:1 page 
Timer X count stop bit 
0 : Count start 
1 : Count stop 
Timer X interrupt enable bit 
0 : Interrupt disable 
1 : Interrupt enable 
Timer X interrupt request bit 
0 : No interrupt request 
1 : With interrupt request 





Fig.1 Structure of timer control register 





7 MITSUBISHI 
ease ate MTSUBIS 


MITSUBISHI MICROCOMPUTERS 


M37420M4-XXXSP 
M37420M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





MEMORY * Zero Page 

¢ Special Function Register (SFR) Area Zero page addressing mode is useful because it enables 
The special function register (SFR) area contains the reg- access to this area with fewer instruction cycles. 

isters relating to functions such as I/O ports and timers. * Special Page 

¢ RAM Special page addressing mode is useful because it en- 
RAM is used for data storage as well as a stack area. ables access to this area with fewer instruction cycles. 
«ROM 


ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 


RAM 
(192 bytes) 


Zero page 


RAM 


(64 bytes) 
for 
M37420M6 


(12288 bytes) ROM 
for (8192 bytes) 


M37420M6 


Special 
page 
for 


subroutine 
Call 
Interrupt vector area 


for 
M37420M4 


ROM ae 





Fig.2 Memory map 





00D9,¢ 
OODA6 
00DB;. 
00DCi.¢ 
OODD 4.6 
OODE 1, 
OODF 46 
00E0;. 
00E1%¢ 
00E2,¢ 
00E3;¢ 
00E4,. 
00E5i¢ 
00E6,¢ 
O0E7 16 
00E81¢ 
00E94, 
OOEA, 
OOEB;¢ 
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D-A conversion register 1 O0ECi, 


D-A conversion register 2 OOED i, 
V pulse preset value P OOEEi¢ 
V pulse preset value N OOEF 146 
V pulse register O0F0,. 
Serial I/O register L OOF 116 


Port PO O0F 3,6 
Port PO directional register OOF 416 
OOF 56 
Port P1 directional register OOF 6:6 
OOF7i¢6 
Port P2 directional register OOF 8, 
O0F946 
OOFAi, 
Port P3 OOF Big 
Port P3 directional register ; OOFCi6 
OOF Di. 
O0FE 6 


OOF Fi¢ 












































Fig. 3 SFR (Special Function Register) memory map 


Port P5 


Port P5 § latch/directional register 
Port P6 


Port P6 directional register 
Pulse width modulation register H 
Pulse width modulation register L 


A-D control register 

Serial |/O mode register 

Special function selection register 
Timer 3 prescaler 


Timer 3 








Timer 1,2 prescaler 











Timer X prescaler 








Interrupt control register 








Timer control register 
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INTERRUPT | 

The M37420M6-XXXSP can be interrupted from seven 
sources; INT,, timer X, timer 1, timer 2/serial I/O, or INT»2/ 
BRK instruction. 

However, the INT, pin is used with port P39 and the INT. 
pin is used with port P3, and the corresponding directional 
register bit should be set to “O” when each port used as an 
interrupt input pin. 

The value of bit 2 and bit 3 of the serial 1/O mode register 
(address 00F5;,) determine whether the interrupt is from 
timer 2 or from serial |/O. When the value of bit 2 and bit 3 
is [00], the interrupt is from timer 2, and the value of bit 2 
and bit 3 is [01], the interrupt is from serial I/O. Also, when 
the value of bit 2 and bit 3 is [01], parts of port P3 are 
used for serial |/O. These interrupts are vectored and their 
priorities are shown in Table 1. Reset is included in this 
table since it has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, the interrupt dis- 
able flag I is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag | is set to “1”. All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 


Interrupt 
request 


Interrupt disable flag | 


Fig.4 


Interrupt control 


the interrupt enable bit and the interrupt request bit are 

both “1” and the interrupt disable flag is “O”. 

The interrupt request bits are set when the following condi- 

tions occur: 

(1) When the level of INT, or INT, pin changes 

(2) When the contents of timer X, timer 1, timer 2 (or the 
serial !/O counter) go to “0” 


Table 1. Interrupt vector address and priority 


RESET FFFFi6, FFFE6 






















oni ees 













Interrupt control register (Address OOFE,.) 


Bit 7 : INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 - Timer 2 interrupt or serial 1/O interrupt request bit 
Bit 2 : Timer 2 interrupt or serial 1/O interrupt enable bit 
Bit 1 : INT, pin interrupt request bit 

Bit 0 ° INT. pin interrupt enabie bit 


Timer control register (Address OOFF,,) 


Bit 7 - Timer X interrupt request bit 
Bit6 - Timer X interrupt enable bit 
Bit 5 : Timer X count stop bit 

Bit 4 : Stack page bit 

ae | Timer X mode bit 
Bit 2 : 

Bi | Processor mode bit 
Bit 0 : 





are SR 
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The change in level at which the INT pins generate a inter- 
rupt varies according to the content of bits 4 and 5 of the 
special function selection register (address 00F6,,). When 
these bits are “0”, the interrupt request is generated when 
INT changes from high-level to low-level. When these bits 
are “1”, the interrupt request is generated when INT 
changes from low-level to high-level. Bits 4 and 5 corres- 
pond to INT, and INT2 respectively. 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 

Since the BRK instruction and the INT» interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT. generated the interrupt. 


TIMER 
The M37420M6-XXXSP has four timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial 1/O mode) and tim- 
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section) Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to “1”, the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 
The P33/CNTR pin cannot be used as CNTR when P33 is 
being used in the normal I/O mode. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di- 
vider. The division ratio is defined as 1/(n+1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af- 
ter the timer counts to zero). 
The timer interrupt request bit is set to “1” during the next 
clock pulse after the timer reaches zero for timer 1, timer 2 
and timer X. The interrupt and timer control registers are 
located at addresses OOFE;, and OOFF,., respectively (see 
Interrupt section). The prescaler latch and timer latch can 
be loaded with any number. 
The four modes of timer X as follows: 
(1) Timer mode (00) 
In this mode the clock is driven by the oscillator fre- 
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to “1” and 
the contents of the timer’s latch is reloaded into the 
timer and the counting begins again. 
(2) Pulse output mode (01) 
In this mode, the polarity of the CNTR signal is re- 
versed each time the timer down-counts to zero. 
(3) Event counter mode (10) 
This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 


pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

Pulse width measurement mode [11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla- 
tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con- 
tents reaches “0”, the interrupt request bitis setto “1”, 
the timer’s reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FFig and 01,4., 
respectively. Also, when the STP instruction is ex- 
ecuted, the oscillator’s frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim- 
er X interrupt request bit is set to “1”, or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
OOEF,,). When the timer down-counts to zero, the over- 
flow bit is set to “1” and the contents of the timer’s 
latch is reloaded into the timer. 

The reset of the overflow bit is made by; 

a) hard ware reset 

b) write “0” to overflow bit 

c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 7. 
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Oscillator Divider When STP instructions are 
executed, this circuit ts 


{(X 1/16 
in) Timcraiclel connected 


coercively. 
Pulse width measurement 


ae mode 
) 


ESC NID Event counter mode 
() e 

Pulse output mode Timer X count stop bit R 

9 (Bit 5 at address OOFF1¢) stp 


| Toggle flip-flop 









to timer X interrupt request bit 







instruction 

















Data bus 
~] Prescaler latch (8) == Timer 3 | Timer 3 latch (8) = | 
lor] en 3 overflow bit 
| Prescaler (8) | 
| Prescaler (8) | Timer it OF] (pit 3 at address OOEF,¢) 
Data bus : 
“Tl latch (8 Timer 1 T Timer 1 latch (8) mh latch (8) =| 
to timer 1 
| Prescaler (8) | I | Timer (8) | interrupt Timer 2 it 





request 
bit 









to timer 2 or 
i serial |/O 
interrupt 
) » request bit 


P3./CLK Ea 
. ee 
— 

a 
eee Serial 1/O mode register (Address 00F5;.) 

4 0 


Fig.5 Block diagram of timer X, timer 1, timer 2, and timer 3 


MITSUBISHI | 7 
ate MTSUBS aeree 





MITSUBISHI MICROCOMPUTERS 


M37420M4-XXXSP 
M37420M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Timer control register (Address OOFF,.¢) 


Processor mode bit 
00 : Single-chip mode 
01: | 
10: ? not used 
11: 


Timer X mode bit 
00 : Timer mode 
. 01 = Pulse output mode 
10 . Event counter mode 
11 : Pulse width measurement mode 
Stack page bit 
0:0 page 
1:1 page 
Timer X count stop bit 
0 : Count start 
1° Count stop 


Timer X interrupt enable bit 
0 : Interrupt disable 
1: Interrupt enable 


Timer X interrupt request bit 
0 : No interrupt request 
1: With interrupt request 





Fig.6 Structure of timer control register 


SERIAL 1I/O 

A block diagram of the serial I/O is shown in Figure 8. 

In the serial 1/O mode the receive ready signal (Sppy), syn- 
chronous input /output clock (CLK), and the serial !/O pins 
(Sout, Sin) are used as P37, P3¢, P35, and P3,, respectively. 
The serial I/O mode register (address OOF5,,) is a 6-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01), an external clock from 
P3, is selected. When these bits are [10], the overflow sig- 
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11), the oscillator fre- 
quency divided by 16, becomes the clock. 

Bit 2 to 4 decide whether parts of P3 will be used as a se- 
rial 1/O or not. When bit 3 is “O” and bit 2 is “1”, P83, be- 
comes an I/O pin of the synchronous clock. When an inter- 
nal synchronous clock is selected, the clock is output from 
P3.. If an external synchronous clock is selected, the clock 
is input to P3, and P3z, will be a serial output and P3, will 
be a serial input. To use P3, as a serial input, set the direc- 
tional register bit which corresponds to P3, to “O”. For more 
information on the directional register, refer to the I/O pin 
section. 
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0 Special function selection register 


(Address O0F6,¢) 
P57/PWM selection bit 
0 : normal port 
1: PWM output 


External trigger mode selection bit 
0: P5s port 
1: P5;s external trigger output 


Timer 3 overflow bit 
0: Timer 3 not overflow 
1: Timer 3 overflow 


INT, input porality selection bit 
0 : interrupt by falling edge 
1: interrupt by rising edge 


INT. input porality selection bit 
0: interrupt by falling edge 
1: interrupt by rising edge 





Fig.7 Structure of special function selection register 


To use the serial |/O, bit 3 and bit 2 need to be set to “01”, 
if they are “OO” P3. will function as a normal I/O. Interrupts 
will be generated from the serial !/O counter instead of 
timer 2. Bit 4 determines if P37 is used as an output pin for 
the receive data ready signal (bit 4=1, Spay) or used as 
normal I/O pin (bit 4=0). Bit 5 determines the serial I/O 
mode. If this bit is “O”, serial |1/O becomes 8-bit mode and 
this bit is “1”, serial |1/O becomes 16-bit mode. -The serial !/O 
function is discussed below. The function of the serial I/O 
differs depending on the clock source; external clock or in- 
ternal clock. 

Internal clock—The Sa5y signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7,,¢). Data is stored only to the serial I/O 
register L (address OODE,,) in 8-bit mode, and stored 
high-order 8-bit to serial 1/O register H (address OODFj,) 
at first, then low order 8-bit to serial I/O register L 
(address OODE,,) in 16-bit mode. After the falling edge of 
the write signal, the Say signal becomes low signaling that 
the M37420M6-XXXSP is ready to receive the external se- 
rial data. The Srpy signal goes “H” at the next falling edge 
of the transfer clock. The serial |/O counter is set to 7 in 8- 
bit mode and 15 in 16-bit mode when data is stored in the - 
serial I/O register. At each falling edge of the transfer 
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Oscillator Divider 










Srpy from timer 1, 2 
P37 © | prescaler Timer 2 (8) 
Divider (Address O00FB,¢) 





- to timer 2 or 
& serial I/O interrupt 
request bit 
ee Fake 


CLK 
P35 C) 





Transfer clock 
MSB Senal I/O register L (8) LSB 


Sout 
P35 CO) oF Le 
ca i is emer 
21s eee 
Ps, O-—— >> [MSB Serial /0 register H (8) LSB] > 
im: (Address 00DE¢) id 


: 





FLT tT Serial 1/O mode register (Address 00F5;.¢) 


Synchronous clock selection bit 


External clock 





0: 
01: 
10 : Timer 2 overflow signal divided by 2 
11° Oscillation frequency divided by 16 


Serial 1/O port selection bit (P35, P3,) 

00 : Normal I/O port 

01 : Serial i/O port 

10: 

Wt: 

Savy Signal output selection bit (P3,) 
0 : Normal I/O port 
1 : Spoy signal output pin 


Not used 





Serial |1/O mode selection bit 


0 : 8-bit mode 
1: 16-bit mode 


Fig.8 Block diagram of serial !/O 
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clock, serial data is output to P35. During the rising edge of 
this clock, data can be input from P3, and the data in the 
serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 or 16 times, the serial I/O register will be 
empty and the transfer clock will remain at a high level. At 
this time the interupt request bit will be set. 


External clock—lIf an external clock is used, the interrupt: 






Serial I/O register 
write signal 


Serial !1/O output 


Sout 


Serial 1/O input 
IN 


Receivable signal 
Srpy 





Fig.9 Serial I/O timing 


Sending side 


Serial |/O mode register 
P37 
bit 5 bit 0 


Set the directional 
register for P37 pin 
in input mode. 


Transfer clock LILI LALIT LE LS LS LI 


Po KO K Of KO KO Xs _X_O% ) 


Synchronous clock 


request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50% . The timing diagram is 
shown in Figure 9. An example of communication between 
two M37420M6-XXXSPs is shown in Figure 10. 







o 


Interrupt request bit set 


Receiving side 


Serial 1/O mode register 


bit 5 ~ bitO 
oft} ofa fofx| 


Set the directional 
register for P3, pin 
In input mode 


Serial data 


Fig.10 Example of serial I/O connection 
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A-D CONVERTER 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of +3LSB. A block 
diagram of the A-D converter is shown in Figure 11. Con- 
version is automatic once it is started with the program. 

The four analog inputs are used in common with pins P4,, 
P4,, P4; and P4, of port 4. Bits 2, 1 and 0 of the A-D control 
register (address 00F3,,¢) are used to select which pins are 
used for A-D conversion. The input condition is accom- 
plished by setting to “O” the bit in the directional register 
that corresponds to the pin where A-D conversion is to take 
place. Bit 4 of the A-D control register is the A-D conver- 
sion end bit. During A-D conversion, this bit is “0”, and 
upon completion becomes “1”. Thus, it can be ascertained 
whether or not A-D conversion has been completed or not 
by inspecting this bit. The relation between the contents of 
the A-D control register and the selection of input pins are 
shown in Figure 12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
OQOF2,, which stores the results of the conversion The proc- 
edure for executing A-D conversion is next explained. First- 
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 2, bit 1 and bit O of the A-D control 
register. Next, the successive approximation is written to 
upon which the A-D conversion starts Since actual data is 


Resistance ladder 


Successive approximation register 
(Address 00F2,,) . 


Data bus. 


Fig.11 Block diagram of A-D converter 


not written to the successive approximation, any type of 
may be written. Simultaneous with its being written, the A-D 
conversion end bit (bit 4 of address 00F3,,¢) is cleared to 
“0” signifying that A-D conversion operations are being 
conducted. A-D conversion completes after 198 clock cy- 
cles upon which the A-D conversion end bit is set to “1” 
and the results of the conversion can be found in the suc- 
cessive approximation register. Since the comparator con- 
sists of the capacitive coupled configuration, f (Xin) is 
needed larger than 1MHz during A-D conversion. When A- 
D conversion is not required, power consumption can be 
saved by setting bit 5 of the A-D control register to “0”. To 
carry out A-D conversion, set bit 5 to “1”, and connect the 
resistor ladder. 


C) P4,/ANs 


——C) P4,/AN, 


C) P4,/AN, 
C) P4e/ANg 


Comparator and 


control circuit 


KZ A-D 
Pix ft control register 


(Address 00F31.) 
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D-A CONVERTER 

The M37420M6-XXXSP has two R-2R method D-A conver- 
ters. D-A conversion starts by setting value to D-A conver- 
sion register (address 00D9,,_ and OODAi.). 

The output port of D-A conversion result DA; or DAg is 
common with P6, and P6, respectively. The value of bit 7 
or bit 6 of A-D control register (address 00F3,,) determines 
whether this port is used as D-A output or formal port. 
When this bit is “1” this port becomes D-A output, and is 
“0” this port becomes normal port. 

Bit 6 or bit 7 corresponds to P6)/DA; or P6,/DA2 respec- 
tively. When using each port as D-A output, its directional 
register must be set to “0”. 


R-2R ladder 





A-D control register 
(Address 00F3,,) 


Analog input selection bit 
100 °: P4,/AN, 

101 : P4s/ANs 

110 * P4g/AN, 

111 =: P4;/AN, 

A-D conversion completion bit 


0 : A-D conversion in progress 
1 : A-D conversion complete 


Resistor ladder connection 
0 : cut off 
1 : connect 


DA1 output selection bit 
0 : port PG 
1 : D-A output 

DA2 output selection bit 
0 : port P6, 
1 : D-A output 


Fig.12 Structure of A-D control register 


Poke eos | D-A conversion register 1 (address 00D9,.) 


R-2R ladder > 


PELL ELL D-A 


CT TTL LTT yeeros 


register 2 
7 0 (address 
O0DA,.) 


Data bus 


Fig.13. Block diagram of D-A conversion circuit 


© D-A2 


Phe he te Mc, oe A-D control register 
cx (address 00F3;¢) 
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PWM OUTPUT CIRCUIT 


(1) 


Introduction 

The M37420M6-XXXSP is equipped with 14-bit PWM. 
The 14-bit resolution gives PWM the minimum resolu- 
tion bit width of 0.25us (for X;y=8MHz) and a repeat 
period of 4096s. 

Block diagram of the PWM is shown in Figure 14. 

The PWM timing generator section applies control sig- 
nals to PWM, using clock input Xi, divided by 2 as a 
reference signal. 

Data setting 

The output pin PWM is in common with pin P5, (i.e. for 
PWM output, bit 0 of the special function selection 
register). When PWM is used for output, first set the 
higher 8-bit of the PWM1-H register (address 00F0,.), 
then the lower 6-bit of the PWM1-L register (address 
OOF11¢). Note that the higher 2 bits of these 8-bit regis- 
ters are ignored when used 6-bit register. 

Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 
OOF0,, and OOF1,, are read, data in these latches has 
already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg- 
ister to the PWM1 latch. If bit 7 is “O”, the transfer has 
been completed, if bit 7 is “1”, the transfer has not yet 
begun. 


ELECTRIC 


(4) 





14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 15. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 

A high-level area within a length N times 7 is output ev- 
ery short area of t= 256 * =64us as determined by 
data N of the higher 8 bits. (Refer to PWM output @ in 
the lower part of Figure 15.) 

Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus 7 As a result, 
the short-area period t(=64us, approx. 15.6kHz) be- 
comes an approximately repetitive period. 

Output after reset 

At reset the output of port P57 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 


Table 2. Relation between the 6 lower-order bits 













6 lower-order bits of data 


000001 


000010 m=16, 48 
000100 m= 8, 24, 40, 56 


001000 


010000 


100000 


of data and the space set by the ADD bit 










Area longer by 7 than that of other tr4(m = 0 ~63) 
Nothing 















m= 4, 12, 20, 28, 36, 44, 52, 60 
m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
M=1, 3,5, 7): cc 57, 59, 61, 63 
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register 
Selection gate: connected to 


PWM-L(address 00F 146) black colored 


(set to 1 when write) —™ os] | |] [uo | side when reset 


Pass gate 
PWM-H 


(address O0F0;¢) 


PWM latch (14-bit) 


P5,/PWM 
14-bit PWM circuit 


Timing (4096s period) 


generator 

for PWM SF : Special function selection register (address 00F6 4) 
D5 : Port P5 directional register (address O0ED,.) 
P5 : Port P5 register (address 00EC;.) 





Fig.14 Block diagram of PWM circuit 
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Data in address O0F0i¢ is # 6Ai6 Data in address O0FO;¢ is # 7Bieg 


PWM1-H 
register __ 5% 7B 


Data in address O00FOi6 is # 2416 Bit 7 reset after transfer Data is address OOF 11, is # 3546 


PWMI-L 
register 1316 A446 | 2416 aa. | 3516 


Register to latch tranfer Register to latch tranfer 


T=4096 A__ When bit 7 of PWM1-L is “0” register 
to latch transfer will not occur 
; (256X0. 25s) 
ae t=64us ~ ee 
| oe i ee ~ 
en Pes. 

(Example!) 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B [6B |6B 6A 6B 6A 6B 6A 6B 6A Samah Gb bw GUSRA, \leacea 
PWM] output 


® 


lower 6 bits 
CuIPUL 1.5 5 5 Sr 2, <6 5 5 5 


(When H 6A, 
L 24,6) 6Big 36 times 6Aig 28 ———=> 106X64+36 


(107) (106) times 


(Example 2) 
PWM 1 output 


6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 


iower 6 bits 


output 
4 


Wh 
( ae 6Big 24 times Ais 40 times | texerta 


t=64us Bio 


Minimum bit resolution width | tT =0. 25us (2560. 25us) 


[7 
SM ouput f6B] 6A | 69! 68 | 67 6A! 69! 68167! — ! 02! 01 
@ ADD 


8-bit counter 102! 01! OO|FFIFE!FDIFC! —— 197196195! — 102101!00/FFIFE!FDIFC! — 1971961951 — 


High/low-level of the ADD | High-level area output, the length . 
section is determined by of which is specified PWM-H 
the data contained in 


the | 6 bit 
e lower 6 bi 256 7(64us) standard 





Fig.15 14-bit PWM timing diagram 
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V pulse and Y pulse generator 
Pin 54 operates as the VPLS pin to output the V pulse and 


V pulse register 


pin 53 operates as the T pin to which the trigger clock is in- (address 00DD,.) 

put. These pins can be used as the V pulse output by set- VPLS negative edge 
ting bit 5 of the V pulse register (OODD,,) to “1”. Pin P5g preset value 

operates as the YPLS pin which outputs the Y pulse. It can VPLS positive edge 

be used as the Y pulse (VPF signal) output by setting bit 6 Plesehaan. 

of the V pulse register to “1”. Figure 17 shows the block di- VPF generation flag 
agram of the V pulse, Y pulse generator. Figure 18 shows 0 : flag “L” 

the timing chart of the V pulse and Y pulse. vacant series 
At the falling or rising edge of T, the VPP counter starts. By 0 : port P5, 

the overflow signal of the VPP counter, VPLS goes “H”. By 1 : VPLS output 

the overflow signal of VPP counter, the VPN counter starts. YPLS output selection bit 
By the overflow signal of the VPN counter, VPLS goes “L”. 0 - port Pd¢ 





When the VPP counter or the VPN counter is counting, bit 4 ] @ARES cutput 


of the V pulse register is “1”. 

The preset value of the VPP counter can be set by the 9-bit 
register with bit 1 of the V pulse register being the most 
significant bit and the V pulse preset value P (O00DBj,) 
being the low-order eight bits. The preset value of the VPN 
counter can be set by the 9-bit register with bit O of the V 
pulse register being the least significant bit and the V 
pulse preset value N (00DB,.¢) being the low-order eight 
bits. 

Note that values of bits 0 and 1 of the V pulse register are 
the current counting values in the VPP counter and the VPN 
counter, not the preset values of the counters. 


Fig.16 Structure of V pulse register 













rising or falling 


eage generation 
@ circuit 


P53/T 
P56/YPLS 


P5,/VPLS 












[rane 


VPP register (9) 


~ 
VPN register (9) 





data bus 





Fig.17 Block diagram of V pulse and Y pulse generator 
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P53/T input 


VRF 
(: YPLS) 
t t 
VPP register--TP1 
VPN register+-TN1 
set set 


Fig.18 Timing chart of the V pulse and Y pulse 


Edge sense input 

Ports P5g~ P53 are the input ports having the edge sense 
function..To use these ports as edge sense inputs, read 
data from address 00ED;,.,. Address OOED,, has a latch. P59 
~P5. are set to “1” when the input changes from “H” to 
“L”. P53 is set to “1” when the input changes from “H” to 
“L” and from “L” to “H”. For the input pulse width, seven or 
more clock cycles are necessary. This latch is cleared by 
writing “O” at address OOED,, by the LDM or CLB instruc- 
tion. When data is read from address OOEDj., the high- 
order four bits are always “0’s”. At reset, the content of this 
latch is “O”. When a read operation is performed from 
address 00EC;., the normal level sense input will result. 


VPP register«-TP2 
VPN register--TN2 





t 
VPP register+-TP3 
VPN register+-TN3 
set 





External trigger output 

Pin P5, operates as the pin Q which outputs the external 
trigger signal. Pin P53 operates as the pin T which inputs 
the trigger clock. By setting bit 5 of the special function 
selection register (address 00F6,,) to “1”, these pins can 
be used as the external trigger outputs. 

In the external trigger mode, every time the falling edge 
and rising edge of T are detected, the contents of P5. port 
output latch and the P5, direction register latch are output 
from the port. Depending on the combination of the port 
output latch and the directional register latch, the output to 
port P5; becomes as shown in Table 3. At reset, the con- 
tent of this bit is “O”. 


Table 3. External trigger output 


output latoh , 
directional redister 


haa eee high-impedance high-impedance 
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falling bit O of address 00ED,, 
edge 


detect 


bit 0 of address OOECig 


. failing bit 1 of address OOEDi, 
& edge 


detect 
P5,/ED, 


bit 1 of address 00EC;, 


falling bit 2 of address OOED,, 
& : edge 


P5,/ED» detect 


bit 2 of address OOECi¢ 


rising and 
falling edge 
detect 


bit 3 of address OOED 46 





P53/ED3 
address O0EC 





Fig.19 Block diagram of edge sence input 


directional register latch 


8 ea ys ea | 
c 


input latch 
edge detection 
circuit ~~ 
edge input 





Fig.20 Block diagram of external trigger output 





3-314 ate MITSUBISH 
WA ELECTRIC . 


MITSUBISHI MICROCOMPUTERS 


M37420M4-XXXSP 
M37420M6-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





WATCHDOG TIMER 

The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 

The watchdog timer (address 00F4,,¢) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF,, when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi- 
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes “O” and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFFi, and 
reset is released. The program then begins again from re- 
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit’s becoming “0” 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruction can be disabled. 


RESET 


SYNC 


Address 


8~12 clock cycles 


Fig. 21 Timing diagram at reset 


RESET CIRCUIT 

The M37420M6-XXXSP is reset according to the sequence 
shown in Figure 21. It starts the program from the address 
formed by using the content of address FFFF,. as the high 
order address and the content of the address FFFE,. as the 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 22. 
An example of the reset circuit is shown in Figure 23. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoyr7 becomes stable. 





GP GD CD, GP GB Git Gi CX) 


Reset address from the 
vector table 


Note 1: Frequency relation of f(Xin) and dis f(Xin) =4°¢ 
2: The mark “?” means that the address is changeable 
depending on the previous state 
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address 





power on 


D-A conversion register 1 (D916) M37420M6-XXXSP 





D-A conversion register 2 (DAi6) 








Port PO directional register (E116) RESEl Vee 








Port P1 directional register (E316) 








Port P2 directional register (E516) 








Port P3 directional register (E916) 








Port P4 directional register (EBie) 





Port P5 latch/directional register (ED;.6) 





Port P6 directional register (EFi6) 





M37420M6-XXXSP 





A-D control register (F316) 








Watchdog timer (F446) RESET 








Serial |/O mode register (F546) al [o| Supply voltage 
detection circuit 











Special function selection register (F616) 

















Prescaler X (FCi6) 








Timer X (FDi¢) 








Interrupt control register (FE16) 








Timer control register (FF ig) 














Interrupt disable flag on proc- (PS) 
essor Status reqister 


(19) Program counter (PCy) |Contents of address FFFF 6 
(PC.) |Contents of address FFFE,¢ 


Note 1 : Port P6 is the high-impedance state during reset 
After return from reset, it is “FFi.5”. 


Fig.23 Example of reset circuit 





Fig.22 Internal state of microcomputer at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit 1/O port with N-channel open drain 
output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address OO0E0;.. 
Port PO has a directional register (address O0E1,,¢) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Port P1 

Port P1 is a 6-bit |/O port and has the same function as 
Port PO. 

Port P2 

Port P2 has the same function as Port PO, but it has 
CMOS output. 

Port P3 

Port P3 has the same function as port PO. Port P3 can 
also be used as serial |/O, INT,, INT. and I/O pins for 
timer X. 

Port P4 

Port P4 is a 4-bit 1/O port and has the same function as 
port PO. But P4, through P4, can also be used as ana- 
log input pins AN; through AN4. 








(6) 


Port P5 
Port P53~~P5, is an input port and can also be used as 
edge sence inputs. In such a case, reading is begun 
from OOED4.¢. 

When port P5 is used as level sense input, read the 
contents of the address O0EC 4g. 

P57;~P5, have the same function as port PO except that 
they are |/O ports and double-functioning. The PWM 
output pin operates as P57, the Y pulse output pin as 
P5., and the V pulse output pin as P5,. These ports are 
used by selecting the function through the special 
function selection register and the V pulse register. For 
details, see the descriptions of the PWM and the V 
pulse, Y pulse generator. The external trigger output 
pin operates as P55. The external trigger output mode 
can be selected by setting bit 2 of the special function 
select register to “1”. At reset, all of P5;~ P5, are in 
the state where the nomal !/O port function is selected. 
The output is the CMOS output. 

Port P6 

Port P6 is a 4-bit |1/O port and has the same function as 
PO except that P6) and P6, can be used as D-A output 


pin. 
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Ports PO, P1, P3, P4 


ores Ports PO, P1, Pa, Pd 
Data bus Port latch * 


_ 


Note 1 : Port P3 can be also used as I/O pin of serial I/O, timer |/O, and interrupt input 
Port P4 can be also used as analog input 


Directional 
register 


Data Bus if Port latch : 
‘<= Ports P2, P54~P57, P6 


| 


Port P5,~ P57 can be also used as the PWM output, Y pulse output, external trigger 
output (Q) and V pulse output Port P6 can be also used as D-A output 


Ports P2, P54~P57, P6 





Ports PS59~ P53 


—__<}#——_O 





Fig.24 - Block diagram of ports PO~P6 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
27. 

When the STP instruction is executed, the oscillation of in- 
ternal clock ¢is stopped in the “H” state. 

Also, the prescaler X and timer X are loaded with FF,, and 
01146, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis- 
cussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢keeps its “H” level until timer 
X overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 25. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 26. 
Xin is the input, and Xoyrz iS open. 


Interrupt 
request 


Interrupt 
disable flag | 


\ 


STP instruction 
(option) 


Pee 
O 





Prescaler X 


M37420M6-XXXSP 


Xour 


Fig.25 External ceramic resonator circuit 


M37420M6-XXXSP 


Xin Xour 


External oscillating circuit 





Fig.26 External clock input circuit 


STP instruction 
(option) 


Internal clock¢d 


overflow 


Timer X count stop bit 


Fig.27 Block diagram of the clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer and the prescaler is 
1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 

| ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou- 
pled configuration, f(Xjy) is needed larger than 1MHz 
during A-D conversion. And during A-D conversion, 
don’t use STP or WIT instruction. 

(7) Values of bits 0 and 1 of the V pulse register are the 
current counting values in the VPP counter and the 
VPN counter, not the preset values. 

Therefore, if the read values of bits 0 and 1 are written 
as they are when other bits in the V pulse register is to 
be set, the preset values may be changed. 
This must be kept in mind before executing the SEB or 
CLB instruction. | 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) = 1@) Viel: |; Wek ec EPROM 3sets 
Write the following option on the mask ROM confirmation 
form 

¢ STP instruction option 

e Reset option for watchdog timer 
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ABSOLUTE MAXIMUM RATINGS 


2s ne aa Se en SE IA 2 

Veo __| Supply voltage 
Input voltage Xin 
Input voltage P2y~P27, P42~P47, P54~P5z, P6y~P6, 
Input voltage PO p~PO7, P1o~P15, P89~P3;, With respect to Vss 

P4o, P4,, P5p~P57 Output transistors cut-off 

eh mw 
| Topr__| eae 













Output voltage P29~P27, P4,~P47, P54~P57, P6p~P63 —0.3~Vect0. 3 


Output voltage P0~P07, Plo~P1s, P3o~P37 
Power dissipation Tame 100m 
Storage temperature a ne ee Oe 














RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—10~70°, unless otherwise noted) 


Parameter 





“H” input voltage POg~P07, Plo~P15, P29~P27, 
P30~ P37, P4o~ P4,, P5o~ P5z, 
RESET, Xin, P60~ P63 

“L” input voltage PQgp~P07, P19p~P17, P29>~P2;, 
P39~P37, P4g~P47, P5g~P57, 
CNVss, P69~P63 


“L” input voltage RESET 


Vit “L” input voltage Xin 


“L” peak output current POg~PO07, Plo~P'1s, 
loL(peak) P2>~P2;, P3y~P3;, 
P4p~P4; (Note 2 ) 


“L” peak output current P6o~ P63 (Note 2 ) 


“L” average output current PQg~P07, Plo~P1s, 
lot(avg) P29~P27, P3p~P3z, 
P4p~P47, (Note 1 ) 


loccavaq) | “L” average output current P6>~P63 (Note 1 ) 











“H” peak output current P29~P27, P54~P5r, 
P69~ P63 (Note 2 ) 
“H” average output current P29~P2,7, P54~ P57, 
P6o~ P63 (Note 1 ) 
f( Xin) Internal clock oscillating frequency 





lon(avg) 








Note 1 : Average output current lo.(avg) and lon(avg) are the average value of a period of 100ms 
2 : Total of “L” output current Io., of ports PO, P1, P2, P3, P4, P6, and PWM is 80mA max 
Total of “H” output current lox, of port P2 is 50mA max 
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ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Vss=O0V, Ta=—10~70C, f(Xiny)=8MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


“H” output voltage P29~P27, P54~P57, P6g~P63 lox=—10mA 


“L” output voltage PQg~P07, Plo ~P15, P29~P27, 
VoL P39~P37, P4y~P47, P54~P5z, loL=10mA 
P6)~P6; 


Hysteresis P39, P3, When used as INT input 


Hysteresis P53 

Hysteresis RESET 

Hysteresis Xin 

“L” input current PQo~P07, P19~P15, P29~P27, 

lin P39~P37, P4p~P47, P5o~P57, 

P69~ P63, PWM 

hin “L” input current RESET, Xi 

~ | “H” input current P0>~P0;, P1p~P15, P3o~ P3;, 
P59~ P53 

“H” input current RESET, Xin, P2o-™~P27, P44~P 47, 
P54~P57, P69~ P63 

RAM retention voltage At clock stop 

%, Xour, and D-A pins opened, other pins at 

Supply current Vss, and A-D converter in the finished con- 

dition f(Xij) =8MHz Square wave 





























Nhe 











Ts) ‘ 
















Symbol Parameter 


= Resolution Vrer= Voc 


| Absolute accuracy Vrer= Voc | 


Riapper | Ladder resistance value Vrer= Voc 


Conversion time 
Via Analog input voitage 









































Vrer=Vec 








Vrer=Vec 
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DESCRIPTION 

The M37421M6-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. ee P6,/PWM3 «+ [4] 
In addition to their simple instruction sets, the ROM, RAM, 

and I/O addresses are placed on the same memory map to 
enable easy programming. 

The differences between the M37421M6-XXXSP and the 


PIN CONFIGURATION (TOP VIEW) 


164] + P4, 


High-voltage 
output port P4 





M37421M6-XXXFP are the package outline and the power wrEedo 
dissipation ability (absolute maximum ratings). m be 
Ci am PO, High-voltage 
FEATURES = — PO, output Saar Be 
@ Number of basic instructions:::::-++--++-+1+rrreerreer reer eee 69 wo —> POs 
& Memory SIZ@ ROM ceeceecrrc cre c resets eeeseee ees 12288 bytes ne — PO, 
PEA Nh toie certo eaten erin seecasen stony: 320 bytes P3,//Srpoy = — PO, 
@ instruction execution time P36/CLK + ? eg 
th 0.95s (minimum instructions, at 4:2MHz frequency) P35/Sour ** 3 aoa a 
@ Single power supply -:crcetreet eee ete 5V+10% /0 port P3 P34/Sin es Pl 
@ Power dissipation eck ie 7 are pe oneee 
— Pt, output port P1 
normal operation mode, at 4.2MHz frequency ---30mW ae 3 
low speed operation mode, + Pl, 
at 32kKHz frequency for clock function °-::-:-:--:*- 0.3mW auaoe — Pl, 
@ Subroutine nesting «1 64 levels (Max.) — P5o | High-voltage 
@ Interrupt: eeeeee eee rete eee eee e eens 7 types, 5 vectors CNVss —» P5, | output port PS 
@ 8-bit timers 3 (2 when used as serial I/O) Heecvelbi* BESEN = ee ace ait 
@ Programmable I/O ports (Ports P2, P3, P6) «se 22 pee ts 
@ Input ports (Ports P5g~P5z) sere teeter eee 6 ssi ae ef i Input port PS 
@ High-voltage output ports Piet enn ance - ass 
(Ports PO, P41, P4, P5o, P5,) Ehalediue vecawasled Meateames sees ace 26 clock function Vss ae Timing output 
@ Serial |/O (8-bit) Pasi oes ee P Sans eeeGWNeR eee Sonata dake eeewens eens 1 
@ PWM Function -crcrrccrr treet terre eee eet teen ee ences 14-bit 1 
6-bitX 2 


@ Two clock generator circuits (One is for main clock, the 
other is for clock function) 

@ Comparator scree rete eeeetee tees ee tense eer e ees { 

@ Generating function for clock input of EAROM 


APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment M37421M6-XXXFP 


Outline 72P6 


NC : No connection 
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M37421M6-XXXSP BLOCK DIAGRAM 


Clock input Clock output 
Clock Clock for clock for clock 
input output function function Timing 


Xin Xout Xcin Xcout ¢ output 





Clock 


generating 
circuit 





RAM 


Address bus 









8-bit 
Arithemetic | 
and Logical 
unit 


l 


L KEEHENEHENE NENG) - -COLATANANGNENANAD- ~ +09 


High-voltage output port PO High-voltage output port P1 







320 bytes 
Accumulator Processor 
Status 
ASS) Register PS (8 


Vv 


Pull-down voltage 
Reset input tnput 
RESET Vp 


counter 
PCH(8) 


YS 


1/O port P2 


Program 


Index _ 
register 


d 
SERS |. {AEN ( OE | NNN | NNN | SE RNR | 2 BONNE | 
£ 


S1/0(8) i) 


Program 
counter 


PC_(8) 






















| Timer count source selection circuit 
Cy ‘ “T Instruction 
ROM ara Timer 2 T2(8) oer 
12288 bytes rT 
| Instruction 
decoder 





Control signal 


Index 
k pointer 
register ee (TT) Timer 1 31(8) 
fi T an 





: LU ~ ~4QRILILIETGOEIGY— - —DO 


ae 


High-voltage output port P4 Output and Input port I/O port P6 
(a part of high-voltage port) 
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FUNCTIONS OF M37421M6-XXXSP 


| Number of basicmstructions 

EE: | RES | name 
Memory size 

1/0 8-bitX2 (P3 can partially be used as among serial 1/O, clock input 

PSPS, sd Output 2-bitX1 (high-voltage P-channel open drain, Voc—38V) 

PSs PS) 

Pe ss 1/0 6-bitX<1 (can be used as T, output or PWM output ) 


Subroutine nesting 64 levels (max ) 


Two external interrupts, three internal timer interrupts 
(or tmerX2, serial 1/OX1) 























for timer 3 and normal |/O.) 










Input/output ports 































Clock generating circuit Two built-in circuits (externally connected ceramic or quartz crystal oscillator) 


30mW (clock frequency Xij=4. 2MHz) 
0. 3mW (clock frequency Xcin=32kHz) 


12V (input/output P2, P3, P52, P53 except P33) 
Veo—38V (PO, P1, P4, P59, P5;) 
—0. 3V~Voec+0. 3V (input/output P33 and P6) 


Pack M37421M6-XXXSP 64-pin shrink plastic molded DIP 
ackage 

9 M37421M6-XXXFP 72-pin plastic molded QFP 
Note : At f(Xiy)=4. 2MHz and f(Xcin) =32kHz, selection of internal clock ¢ is guaranteed the following supply voltage 


f(Xin) =4. 2MHz (¢ =2. 1MHz) : Voc =4.5~5. 5V 
f(Xoin) =32kKHz (¢ =16kHz) : Veo =2. 7~5. 5V 













Power dissipation 






Input/Output voltage 









Input/Output characteristics 





Output current 
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PIN DESCRIPTION 





Pull-down supply 


— - 


PO ~~ P07 


P41 
P2 





P45~ P4, 


P5So, P5, 


P52/INTo, 


P53/INT, 











Clock input 
Clock output 


Clock input for clock 
function 


Clock output for 
clock function 


Output port PO 


Output port P1 


I/O port P2 


1/O port P3 


Output port P4 





Output port P5 


Input port P5 


t 


P5,~ P57 


_ 








/O 
1/0 


Output 





Output 





Functions 


Power supply inputs 4.5~5. 5V at f(Xin) =4. 2MHz and 2.7~5.5V below f(Xcin) =32kHz to Voc, and OV to 


This is usually connected to Vss 








Pull down supply for the pull-down resistor of ports PO, P1, P4, P59 and P5, 














To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions) 

If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time 








This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xour pins If an external clock ts used, the clock 
source should be connected the Xjjy pin and the Xour pin should be left open 
















This is the timing output pin ¢=2MHz (when Xiy=4MHz) 







This is the 1/O pins of the clock generating circuit for the clock function To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcour pins If an exter- 
nal clock is used, the clock source should be connected to the Xcin pin and the Xcout pin should be left 








Output 
Output 






open This clock can be used as a program controlled the system clock 






Port PO 1s an 8-bit output port Output structure is high-voltage P-channel open drain A pull-down resistor 
is built in between the Vp pin and this port At reset, this port 1s set to a “L” level 


Port P1 is an 8-bit output port and has basically the same functions as port PO 


Port P2 1s an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output At reset, this port ts set to input mode The output structure is N-channel open drain 












Port P3 ts an 8-bit |/O port and has basically the same functions as port P2 When serial I/O is used, P37, 
P35, P35, and P34 work as Sprpy, CLK, Sour, and Sin pins, respectively P33 works as an analog input for 


comparator, and P32 works as a clock input for timer 3 


Port P4 1s an 8-bit output port and has basically the same functions as port PO 


Bit O and 1 of port P5 are 2-bit output port and has basically the same functions as port PO 


Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs 





Input 


Bit 4~7 of port P5 are 4-bit input port 


Port P6 is a 6-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 


input or output The output structure 1s CMOS tri-state output P69, P6;, P62, P63 can be programmed to 
function as timer output pin (T) , PWM output pins (PWM1, PWM2, and PWM3), respectively 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37421 microcomputers use the standard MELPS 740 


instruction set. For details of instructions, refer to the 


MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used 

The STP instruction can be used. 


RAM 
(192 bytes) 


RAM 
(128 bytes) 


ROM 
(12288 bytes) 


MEMORY 

* Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as |/O ports and timers. 

* RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

*¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


Special 
page for 
subroutine 
call 


interrupt vector area 


Fig.1 Memory map 
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Port P2 directional register 


Port P3 
Port P3 directional register 
Port P4 
Port P5 
Port P6 directional register 


Fig. 2 SFR (Special Function Register) memory map 
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INTERRUPT 

The M37421M6-XXXSP can be interrupted from seven 
souces; INT,, timer 3, timer 2, timer 1/serial I/O, or INT»2/ 
BRK instruction. 

The value of bit 2 of the serial I/O mode register (address 
OOF6,,) determine whether the interrupt is from timer 1 or 
from serial 1/O. When bit 2 is “O” the interrupt is from timer 
1, and when bit 2 is “1” the interrupt is from serial I/O. Also, 
when the bit 2 is “1”, parts of port P3 are used for serial |/ 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 

When an interrupt is accepted, the contents of certain reg- 
isters are pushed into specified locations, the interrupt dis- 
able flag | is set, the program jumps to the address speci- 
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag | is set to “1”. All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 3. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both “1” and the interrupt disable flag is “0”. 


Interrupt request Interrupt disable flag | 





Fig.3 Interrupt control 





The interrupt request bits are set when the following condi- 

tions occur: 

(1) When the level of pins INT, and INT, change. 

(2) When the contents of timer 3, timer 2, timer 1 (or the 
serial |1/O counter) go to “0” 

These request bits can be reset by the program but cannot 

be set by the progream. However, the interrupt enable bit 

can be set and reset by the program. 


Table 1. Interrupt vector address and priority 


| interrupt, | Priority | Vector address 





















Interrupt control register (Address OOFE,.) 

Bit7 INT, pin interrupt request bit 

Bit 6: INT, pin interrupt enable bit 

Bit 5: Timer 2 interrupt request bit 

Bit 4: Timer 2 interrupt enable bit 

Bit3 Timer 1 interrupt or serial input/output interrupt 
request bit 
Timer | interrupt or serial input/output interrupt 
enable bit 

Bit 1 INT>2 pin interrupt request bit 

BitO INT» pin interrupt enable bit 


Timer control register (Address OOFFi¢) 

Bit7 Timer 3 interrupt request bit 

Bit 6: Timer 3 interrupt enable bit 

Bit 5° Timer 2 count stop bit 

Bit 4 Timer 3 count source selection bit 
Bit 3 Timer 2 count source selection bit 
Bit 2 Timer 1 count source selection bit 
Bit 1 
Bit 0 


Processor mode bits 
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The change in level at which the INT pins generate a inter- 
rupt varies according to the content of bits 4 and 5 of the 
PWM output mode register (address 00F5,¢). When these 
bits are “OQ”, the interrupt request is generated when INT 
changes from high-level to low-level. When these bits are 
“4”, the interrupt request is generated when INT changes 
from low-level to high-level. Bits 4 (PM,) and 5 (PMs) cor- 
respond to INT, and INT». respectively. 

Since the BRK instruction and the INT» interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in- 
terrupt or if INT. generated the interrupt. 


TIMER 

The M37421M6-XXXSP has three timers; timer 1, timer 2, 
and timer 3. Since P3 (in serial |1/O mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial I/O section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address OOFF,,¢), as shown in Figure 
5. / 

A block diagram of timer 1 through 3 is shown in Figure 4. 
All of the timers are’ down count timers and have 8-bit 
latchs. When a timer counter reaches “0”, the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 1/(n+1), where n 
is the contents of the timer latch. 

The timer interrupt request bit is set to at the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE,, and 
OOFFi.¢, respectively (see Interrupt section). The starting/ 
stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address OOFF,,) is “0”, the timer 
starts counting and when bit 5 is “1”, the timer stops. The 
count source of timer 3 can be controlled by bit 4 of the 
timer control register. If bit 4 (address OOFF,,) is “1”, the 
timer counts from the P3./CNTR pin. 

When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FFig and 0746, respec- 
tivery. . 

After a STP instruction is executed, timer 2, timer 3, and the 
clock (¢ divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to “1”, or if the system is reset. Before the STP instruc- 
tion is executed, bit 5 of the timer control register (timer 2 
count stop bit) and bit 4 of the interrupt control register 
(timer 2 interrupt enable bit) must be set to “0”. For more 
details on the STP instruction, refer to the oscillation circuit 
section. 


“4 ” 





7 | 0 
oe tial ieee te Timer control register (Address OOFF,,) 


Processor mode bits 
00 : Single-chip mode 
01: 


10; not sea 
11: 


Timer 1 count source selection bit 
0 : 1/8 timing ¢ 
1 : Timer 3 overflow signal 


Timer 2 count source selection bit 
0: 1/8 timing ¢ 
1: Clock for‘the clock function(Xcin) 


Timer 3 count source selection bit 
0 : Timer 2 overflow signal 
1: Clock input for timer (CNTR) 


Timer 2 count stop bit 
0 : Count start 
1: Count stop 


Timer 3 interrupt enable bit 
0 : Interrupt disable 
1: Interrupt enable 


Timer 3 interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 





Fig.4 Structure of timer control register 
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Data bus 





Reset 
Xcin > Timer 2 latch (8) 


He 


Internal clock 
(Normally 1/2 Xin) 


STP instruction 














Timer 2(8) to timer 2 interrupt request bit 


(Address 00FC,, 


Timer 3 latch (8) 


P3,/CNTR 


Op 


to timer 3 interrupt request bit 


Timer 1 latch (8) 


to timer 1 or serial I/O interrupt 
request bit 





Timer 1(8) 
(Address 00FA,,) 











P6p latch 
P60/T ey 
O SM,;, SMo 
SM, 
00, 01 : External clock 
CLK 10 : 1/2 timer 1, 11: 1/8 ¢ 


Serial input/output 


ig) one 


SM, SM, 


counter (3) 


Sout 


P35(_ ) Gi 


SM> TM - Timer control register (Address OOFF,,) 


Serial input/output SM: Serial 1/O mode register (Address 00F6,,) 


S 
P3.(_) IN | 
register (8 PM - PWM output mode register (Address 00F5;,) 


SM3 Selection gate : Connected to black 
Spy 8 colored side at reset 
i © cee,“ 


Fig.5 Block diagram of timer 1, timer 2, timer 3 
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SERIAL 1/O 

A block diagram of the serial !/O is shown in Figure 6. 

In the serial |/O mode the receive ready signal (Srpy), syn- 
chronous input /output clock (CLK), and the serial I/O pins 
(Sout, Sin) are used as P37, P3., P35, and P34, respectively. 
The serial I/O mode register (address 00F6,,) is 8-bit reg- 
ister. Bits 1 and 0 of this register is used to select a syn- 
chronous clock source. 

When these bits are (00) or (01), an external clock from 
P3, is selected. When these bits are (10), the overflow sig- 
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11), timing ¢ divided by 
4, becomes the clock. 


Timing Divider 


(Oe Te 


Sarpy 


P3,(_) 


Div 


from 1/8 timing ¢ 
or timer 3 


Bit 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is a “1”, P38. becomes an |/O 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3g,. If an exter- 
nal synchronous clock is selected, the clock is input to P3¢. 
and P3, will be a serial output and P38, will be a serial in- 
put. To use P3, as a Serial input, set the directional register 
bit which corresponds to P3, to “0”. For more information on 
the directional register, refer to the I/O pin section. 

To use the serial I/O, bit 2 needs to be set to “1”, if it is “O” 
P3, will function as a normal I/O. Interrupts will be gener- 
ated from the serial I/O counter instead of timer.1. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3=1, Sppy) or used as normal I/O pin 


Timer 1(8) 


ider (Address OOFA,,) 


to timer 1 or 
serial |/O 


D interrupt request bit 


hae Serial 1/O mode register (Address 00F6,,) 


Fig.6 Block diagram of serial I/O 


; lower 4 bits 
Sync clock selection bit 
00 
01 


10 
11 


; | External clock 


: 1/2 timer 1 frequency 
: 1/8 timing ¢ 


Serial |/O port selection bit (P35, P3.) 
0 : Parallel port : 


1: Serial input/output port 


Srpy signal output selection bit (P37) 
0 : Parallel port 
1 > Sapy signal output pin 








+ 
a 


3332 


MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37421M6-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





(bit 3=0). The serial 1/O function is discussed below. The 
function of the serial 1/O differs depending on the clock 
source; external clock or internal clock. 

Internal clock—The Sapy signal becomes “H” during trans- 
mission or while dummy data is stored in the serial I/O reg- 
ister (address 00F7,,¢). After the falling edge of the write 
signal, the Spay signal becomes low signaling that the 
M37421M6-XXXSP is ready to receive the external serial 
data. When “H” level is input to CLK pin and the dummy 
data is written to serial 1/O register 2, the output of Sour 
becomes “H” before/after the data transmission. The Srpy 
signal goes “H” at the next falling edge of the transfer 
clock. The serial |/O counter is set to 7 when data is stored 
in the serial 1/O register. At each falling edge of the trans- 
fer clock, serial data is output to P35. During the rising 


Sync clock 


Transmission clock | | | | | f | | | | | | | 


Serial |/O register 


Write signal 
Serial I/O output 


output Sour 


Serial 1/O input 
Input Sin 


Receivable signal 


edge of this clock, data can be input from P3, and the data 
in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 

External clock—If an external clock is used, the interrupt 
request will'‘be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 7. An example of communication between 
two M37421M6-XXXSPs is shown in Figure 8. 


i Bo R_O_X_D2/ X_De X_O%« XO _X De KOs 
i} 


ny Cle GE Git Ge Oe OEP ane cai 


Savy LJ f 


Fig.7 Serial |/O timing 


Sending side 
Serial |/O mode register 


Bit 3 Bit 0 


eae 





i 


interrupt request bit set 


Receiving side 


Serial 1/O mode register 


P3, 
Bit 3 Bit 0 


eh 


Sync clock 


The direction register for pin P37 
should be set to input mode. 


The direction register for pin P3, 
should be set to input mode 


Serial data 


Fig.8 Example of serial 1/O connection 
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PWM OUTPUT CIRCUIT 

(1) Introduction : 
The M37421M6-XXXSP is equipped with one 14-bit 
PWM and two 6-bit PWMs. The 14-bit resolution gives 
PWM1 the minimum resolution bit width of 500ns (for 
Xin=4MHz) and a repeat period of 81924s. PWM2 and 


PWM3 have the same circuit configuration. PWM2 and. 


PWMsS have a 6-bit resolution with minimum resolution 
bit width of 164s and repeat period of 1024us. The 
accuracy and operation guarantee range is Voc = 4.5 
~5.5V regardless of the input frequency. 
Block diagram of the PWM is shown in Figure 9. 
The PWM timing generator section applies individual 
control signals to PWM 1~3, using clock input Xj, di- 
vided by 2 as a reference signal. 

(2) Data setting 
The output pins PWM1, PWM2 and PWM3 are in com- 
mon with pins P6,, P6. and P63 of port P6 (i.e. for PWM 
output, PM1~PM3 of the PWM control register and the 
P6 directional register D6;~D6, should be set). When 
PWM1 is used for output, first set the higher 8-bit of 
the PWM1-H register (address 00F0,,), then the lower 
6-bit of the PWM1-L register (address 00F1,,). When 
either PWM2 or PWMs3 is used for output, set the 6-bit 
in the PWM2 (address 00F2;¢) or PWM3 (address 
OOF3,¢) register, respectively. Note that the higher 2 
bits of these 8-bit registers are ignored when used 6- 
bit register. 

(3) Transferring data from registers to latches 
The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 
OOF0,, ~ O0F3,, is read, data in these latches has 
already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde- 
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg- 
ister to the PWM1 latch. If bit 7 is “O”, the transfer has 
been completed, if bit 7 is “1”, the transfer has not yet 
begun. 

(4) Operation of the 6-bit PWMs 
The timing diagram of the two 6-bit PWMs (PWM2 and 
PWMs3) is shown in Figure 10. One period (T) is com- 
posed of 64 (2°) segments. 


~~, 


There are six different pulse types configured from bits 
O~5 representing the significance of each bit. These 
are output within one period in the circuit internal sec- 
tion. Refer to Figure 10(a). 
Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5~0 
is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 10(b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high- 
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 
i.e. 64/64. 

(5) 14-bit PWM operation 
The timing diagram of the 14-bit PWM1 is shown in Fi- 
gure 11. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times 7 is output ev- 
ery short area of t=256X tT =128us as determined by 
data N of the higher 8 bits. (Refer to PWM output @ in 
the lower part of Figure 11.) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus 7 . As a result, 
the short-area period t(=128s, approx. 7.8kHz) be- 
comes an approximately repetitive period. 

(6) Output after reset 
At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis- 
ter, its data is transferred to the latch. 


Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 


Area longer by 7 than that of other tp,(m = 0 ~63) 
Nothing 

m=32 

m=16,4 

m= 8, 24, 40, 56 

m= 4, 12, 20, 28, 36, 44, 52, 60 

m= 2, 6, 10,14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
M=1, 3,5, 2) 57, 59, 61, 63 
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PWMI1-L (Address 00F11¢) 
: Selection gate connected to black 
Register colored side when 


(ise to 1 ~ a reset 
eo Pass gate 















when write 


P6, D6, 


P6,/PWMI1 


ee 





14-bit PWM circuit 


P6. D6 
(8192us period) : S 








(1024s period) 


ee ee 


u4 ree 


P6,/PWM2 


bs 


PM2 


6-bit PWM circuit PWM3 






6-bit PWM circuit 





dy at 


6 






P6,/PWM3 
PWM2 latch 







PWM2 
(Address 00F2,,) 


nt ee 
register 


register (Address 00F3,,) 


“S 









PM - PWM output mode register (Address O0F54 6) 
D6 : Port P6 directional register (Address OOEF,¢) 


P6 : Port P6 register (Address O0EE,,) 
data bus 


Fig.9 Bloock diagram of the PWM circuit 
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Pulses showing the weight of each bit 


Contents 
‘of the latch 


When 00: 


When 0146 


When 1846 
(24) 


When 2816 
(40) 


When 3Big 
(59) 


When 3Fi¢ 
(63) 


When output is lower 6 bits of PWM1 t= 128us T = 8192us 
When output is PWM2 and PWM3 t= l6us T= 1024us 
When f( Xin.) =4MHz 


(b) Example of 6-bit PWM output 





Fig.10 6-bit PWM timing diagram 
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Data tn address OOFO,.¢ Is # 6Aj, Data in address OOFOi,¢ 1s # 7Big 


PWMI1-H 
register __5% 7B. 


Data in address OOF0;¢ is # 241.6 Bit 7 reset after transfer Data is address OOF 1,6 1s # 3546 


PWM1-L 
register 1316 | A4\6 | 2416 a, | 3516 


Register to latch tranfer Register to latch tranfer 


nee When bit 7 of PWM1-L ts “0” register 
T= 8192us to latch transfer will not occur 
(6412815) 


- ae 
al t= 128us ON 
wee ae m 
ae aa oS 


(Example 1) 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6A 6B 6A 6B 6A 6B EA 6B 6A 6B 6A 6B 6A |6B 6A 


PWM1 output 
0) 


lower 6 bits 
output 5 5 


(When H 6Aig, 
L 2416) 6By6 36 times BAe —————= 10664436 


(107) (106) times 


(E le2 
xample2) 6a |6a 6A 6A 6B GA 6B GA 6B 6A 6A GA 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B ]6A 6A 
PWM1 output 


lower 6 bits 
output 


(When H BA46, 
L 1816) 


6Big 24 times BAi6 40 times 


eee t= 128us 
(2560. 5us) 


en 
Minimum bit resolution width|} r =0, 5us 


PWM output f6B] 6A! 69 68! 67 re GA 6968167! —- | 02) 01 
@ ADD ADD 


8-bit counter 102! 01! OO} FF IFE!FDIFC! —— 197196195! —— 102! 01'00|FFIFE'FDIFC! — 1971961951 — 


High/low-level of the ADD | High-level area output, the length 
section is determined by of which is specified PWM-H 
the data contained in 


the lower 6 bit “ 
. | 256 tT (128us) standard 





Fig.11 14-bit PWM timing diagram 
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7 0 7 0 
| { | | | | | [| pw output mode register |} | | | | | | | Serial 1/0 mode register 


(Address OOF5,.¢) 
PWM1, PWM2, PWM3 count source 
selection bit 

0 : Supply 

1° Stop 


P6,/PWM, output selection bit 
0 : Parallel port 
1 > PWM, output 

P62/PWMz output selection bit 
0 : Parallel port 
1 >: PWMz2 output 


P63/PWM,z output selection bit 
0 : Parallel port 
1 > PWM; output 


INT, input reverse bit 
0 : INT (leading-edge interrupt 
request) 
1: INT (trailing-edge interrupt 
request) 
INT. input reverse bit 
0 : INT (leading-edge interrupt 
request) 
1: INT (trailing-edge interrupt 
request) 
P6./T,; output selection decision bit 
(reading only) 
0 : Parallel port 
1 : Output is 1/2 that of timer] 


Fig.12 Structure of PWM output mode register 
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(Address O0F6,,¢) 


Sync clock selection bit 


00/01 : External clock 

10: 1/2 timer 1 

11: 1/8 internal clock ¢ 
1/16 of the Xi, oscillation frequency 
during normal operation 


1/16 of the Xcin oscillation frequency 
during low speed operation 


Serial 1/O port selection bit (P3,, P3,) 


0 : Parallel port 
1 : Serial 1/O port 
Sroy Signal output selection bit (P37) 
QO : Parallel port 
1° Sapy signal output pin 


P6,/T output selection bit 
0 : Parallel port 
1: Output 1s 1/2 timer 1 


P6,/T output function selection bit 
0: Sync mode 
(EAROM clock input signal generation) 
1: Asynchronous mode 


Clock (Xiy—Xour) stop bit 
0: Oscillate 
1° Stop 


Internal system clock generation selection 
0 : Xin—Xour selection (normal mode) 


1° Xoin—Xcour selection 
(low-speed mode) 





Fig.13 Structure of serial 1/O mode register 
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PORT P6,/TIMER 1 OUTPUT 

Bit O of port P6 outputs 1/2 the frequency of timer 1 when 
OOF6,, bit 4 of the serial I/O mode register (address 
OOF6,,) is changed. The output switching can be accom- 
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SM5) of the serial I/O mode register. 

When SMz is set to “O” the synchronous mode is set. In 
such a case, after SM, has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be- 
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 (PMg) of the PWM output mode register. 


' (Note 1) 


PM, a — . 


Latch output | 


Timer output 
ean AI et ee 8 2 ee Re ear ee sich ee 


| 
| 

P6po latch ! | 
| 


From the time that the contents of SM, was changed to the 
point where switching completes, the contents of neither 
SM, nor P69 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 14 (a) gives an exam- 
ple of timing in the synchronous mode. Use of the synchro- 
nous mode allows generation of an EAROM clock input sig- 
nal through the use of a simple program. 

When SMsz is set to “1”, the asynchronous mode is set. In 
this case, the output switching occurs directly after SM, has 
been changed. Figure 14 (b) gives an example of timing in 
the asynchronous mode. 


P6,/T output | 


(a) Synchronous mode (SM;=0) 


SM, | 
PMs | 


imer output 


Latch output 
nm SS 


l 
P6, latch | | 
| 


P6./T output | | | 


(b) Asynchronous mode (SMs5=1) 


Note 1 : 


Output switching occurs at the trailing edge of timer 1 divided signal when 


the value of the P€, latch is “0” and at the leading edge of timer 1 divided 


signal when the value of the P65 jatch is “1” 


Fig.14 P6./T switching timing diagram 
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COMPARATOR CIRCUIT 

The comparator circuit is shown in Figure 15. The compara- 
tor circuit consists of the switch tree, ladder resistor, com- 
parator, comparator control circuit, comparator register 
(address OOFB,,), and analog signal input pin (P33/ANw). 
The analog input pin is common with the digital input/out- 
put terminal to the data bus. 

The 5-bit comparator register can generate 1/16V¢c-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of com- 
parator register bits 0 to 3 and the generated internal ano- 
log voltage. The comparator result of the analog input vol- 
tage and the internal analog voltage is stored in the compa- 
rator register, bit 4. 

The data is compared by setting the directional register 
corresponding to board P3, to “0” (board P33 enters the in- 
put mode), to allow board P33/AN,y to be used as the ana- 
log input pin. The digital value corresponding to the internal 
analog voltage to be compared is then written in the com- 
parision register (address OOFB,,), bits 0 to 3. The voltage 
comparision starts as soon as the writing is completed. 4- 
cycle (required for comparating) later, the result of com- 
parision is stored in the comparator register, bit 4. Bit 4 is 
“1” when analog input voltage > internal analog voltage 
and “0” when analog input voltage < internal analog vol- 
tage. 

When voltage is compared to by setting bits 0 to 3 of the 
comparator register “0”, bit 4 of the comparator register be- 
comes “1” regardless of the analog input voltage. 






Table 3. Relationship between the contents of 
comparator register and internal voltage 


Comparator register 
Internal analog voltage 


| bit3 | bit2 | bit1 
1 
1 
1 
pO | 6/6Vce—1/32Vc0 | 
Pt | 76Vcc~1/32Vec 
1 








oe 











1 


| Data bus 


(Address 00E8;,) 


Comparator control 
circuit 


Analog input 


Comparator 
voltage 


Internal analog voltage 


Fig.15 Comparator Circuit 


Output of 
comparator 4 
result 


Comparator register 
(Address OOFBi¢) 


Switch tree 


Ladder resistor 








3—340 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37421M6-XXXSP/FP 


’ SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





RESET CIRCUIT 

For the reset sequence of the M37421M6-XXXSP, one of 
the two modes can be selected by mask option: the normal 
operation start mode which executes reset by normal op- 
eration (f (Xj) = 4.2MHz) and the low-speed operation 
start mode which executes reset by low-speed operation (f(Xcin) 
= 32 kHz). 

In the normal operation start mode, the supply voltage is 
4.5~5.5 V and when the RESET pin is held at “L” for 2 us 
or more and returned to “H”, reset is cleared according to 
the sequence shown in Figure 18. Both Xjy clock and XcIn 
clock start oscillating. To generate the time of waiting for 
stabilization of Xi;y clock oscillation, timer 2 and timer 3 are 
connected and the resulting signal divided by 16 is counted 
2048 times to clear the internal reset state. Then, the prog- 
ram starts from the address with the contents of address 
FFFF,g being the higher address and the contents of 
address FFFE,, being the lower address. ‘ 

In the low-speed operation start mode, the supply voltage 
is 2.7~5.5 V and when the RESET pin is held at “L” for 












address 





(1) Port PO register (PO) (E046) 0016 
(2) Port P1 register (P1) (E246) 0016 
(3) Port P2 directional register (D2) (E54.) 00:6 
(4) Port P3 directional register (D3) (E946) 
(5) Port P4 register (P4) (EAi6) 


(6) Port P5 register (P5) (ECi6) 


(8) PWM output mode register (PM) (E516) '0/0/0/0/0)0) 
(9) Serial 1/O mode register (SM) (E6i.) fo}o}oljojolojolo 


1|+[0]0}0} 0] 0] 0] 


low-speed operation start mode 


(10) Comparator register (CR) (FBie) | | ff folojo 


(11) Timer 2 (T2) (FCi6) FFig 


(7) Port P6 directional register (D6) (EFi.) 


> 
foe o e 
fon 
3 
2 
[e} 
ao) 
@ 
| 
pet) 
7% 
(2) 
3 
” 
- 
2 
po 
3 
[2] 
a 
3|° |Le| 











(2) Timer 3 (T3) (FD46) 0716 


(13) Interrupt control register (IM) (FEi6) 0016 


eeecs 


(14) Timer control register (TM) (FFi6) 


~~ 


(2) (@) 
fo) {@) 
pa] p>] 
= - 
MO @ 
=> p— ] 
=e Peal 
n mn 
a2 112 
» » 
Qa Q 
Q. Qa 
=a a] 
@o @O 
” ” 
Mm [7] 
in| | 
“Tl nN 
TN cas 
fiz) re 
(2) oO 


(16) Processor status register (PS 
(only the interrupt disable flag 
is set) 


(1s) Program counter (PCy) 


(PC.) 


Since the contens of both registers other than those listed above 
(including timer 1 and the serial 1/O registers) and the RAM are unde- 
fined at reset, it is necessary to set intial values 


Fig. 16 





Internal state of microcomputer at reset 





24S of more and returned to “H”, reset is cleared accord- 
ing to the sequence shown in Figure 19. At this time, Xj 
clock does not start oscillating. To generate the time of 
waiting for stabilization of Xcjy clock oscillation, timer 2 and 
timer 3 are connected and Xo is counted 2048 times to 
clear the internal reset state. Then, the program starts from 
the address with the contents of address FFFF,, being the 
higher address and the contents of address FFFE;, being 
the lower address. If Xcin clock is stable, the wait time is 
about 62.5ms (f(Xcinw) = 32.768 kHz). However, im- 
mediately after power-on, the time required to start oscilla- 
tion depends on the characteristic of the oscillator. 

The internal initializations following reset are shown in Fi- 
gure 16. An example of the reset circuit is shown in Figure 
17. The reset input voltage must be kept below 0.6V until 
the supply voltage surpasses 4.5V at the normal operation 
start mode, and below 0.5V until the supply voltage surpas- 
ses 2.7V at the low-speed operation start mode. When 
selecting the ¢ output to stop, the output of ¢ pin becomes 
“H” level from “L” level at internal reset clear. 


M37421M6-XXXSP 


(Note 1) 


Note 1: Reset voitage 
normal operation start mode Voc = 45V 
low-speed operation start mode Voc = 27V 
2: Reset input voltage 
normal operation start mode 0 6V 
low-speed operation start mode 0 5V 


M37421M6-XXXSP 


RESET 


Supply voltage 
detection circuit 


Fig.17 Example of reset circuit 


- 
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Time until oscillation starts Wait time for oscillation stability 





Time until oscillation starts 


. Oscillation stops 


Time until oscillation starts 





Wait time for oscillation stability 





62.5 us 
i Seen ee. eae ee, | 
es a me ce a 





Fig.19 Reset sequence at low-speed operation start mode 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit output port with high-breakdown vol- 
tage P-channel open drain outputs featuring a break- 
down voltage of Vcc-38V. Each pin contains a pull- 
down resistor making Vp a negative power source. As 
shown in the memory map in Figure 1, port PO is used 
on the zero page at address 00E0,, in memory. 

Port P1 

Port P1 has the same functions as port PO. 

Port P2 

Port P2 is an 8-bit I/O port with N-channel open drain 
outputs. As shown in Figure 1, port P2 is used at 
address 00E4,.¢ in the memory. 

Port P2 has a data direction register (address 00E5i.¢ 
on zero page) and programming can be undertaken for 
an individual bit to use the port for input or output. The 
pins where the data direction register is programmed 
to “1” are for output and those where the register is 
programmed to “0” are for input. 

The data written into the pin programmed as an output 
pin are written into the port latch and supplied directly 
to the output pin. When reading the data from a pin 
programmed as an output pin, it is not the output pin 
contents which are read but the port latch contents. 
Consequently, since an LED or other similar part is 
driven directly, the value output previously can be read 
correctly even if the low-level output voltage goes high. 
The pin programmed as an input pin remains floating, 
so external signals can be read. When data is written, 
it is written into the port latch only and the pin remains 
floating. 

Port P3 

Apart from the fact that part of the pins are also used 
as serial input/output pins, analog input pin and timer 3 
clock input pin, its functions are the same as those of 
port P2. 

Port P4 

Port P4 has the same functions as port PO. 


(6) 


Port P5 

Bits 0 and 1 of port P5 have the same functions as port 
P4. 

Bits 2 and 3 are exclusively used as inputs for mutual 
use as interrupt inputs. These pins feature hysteresis 
characteristics. These pins can also be used for fetch- 
ing inputs even when being used as interrupt inputs. 
The interrupt request bits (bit 7 and 1 of address 
OOFE,,= INT, and INT», respectively) are set to “1” 
when the inputs of ports P53 (INT;) and P5» (INT>) 
change. Depending on the contents of bits 4 and 5 of 
the PWM output mode register PM (address 00F5;.), 
either a raising-edge interrupt or a falling-edge inter- 
rupt may be selected as the interrupt source. (Refer to 
Figure 12.) 

Since interrupt input and normal input ports are used 
together in the M37421M6-XXXSP, unwanted noise 
may mistakenly cause interrupts. This problem can be 
overcome by programming. 

When changing either bit 4 (PM,) or bit 5 (PMs) of the 
PWM output mode register, it is necessary for the in- 
terrupt request enable bit (either bit 6 or 0 of address 
OOFE,¢) to be set to the interrupt disable condition 
(“0”). If this is not done, an interrupt will be generated 
when either PM, or PMs is changed. 

Bits 4 through 7 of port P5 is a 4-bit input port. 

Port P6 

Port P6 is a 6-bit I/O port having the same functions as 
Port P2. The output is CMOS three-state. Bit 0 is used 
in common with the timer output. Bits 1~3 are used in 
common with PWMs 1~3. 

A block diagram of ports PO through P6 are shown in 
Figure 19. 

Clock ¢ output pin 

The clock frequency, divided by two, is output (Xi). 
However, in the low-speed mode 1/2 the clock fre- 
quency for timer (Xciy) is output. RESEToyz signal can 
be output by option. 
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* High voltage P-channel open drain 





Data bus (with pull-down resistors ) 





Ports PO, P1, P4, P59, P5, 


ee ee “1 Only P3, has analog input 


N-ch open drain output 






Data bus Ports P2, P3 


Note : P3 may also be used as a serial 
input/output pin 


CMOS Tri-state output 













Data bus Port latch 





Port 6 


Bits O~3 may also be used as timer 
outputs and PWM output pins 


Schmitt input 
Data bus 


INT Ports P52, P53 





PWM mode register 






Input 


Data bus a aa 
Ports P54~ P5, | @ 


* High voltage P-channel transistor 


CMOS output 


Fig.20 Block diagram of port PO~P6 (single-chip mode) and output format of ¢ 
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CLOCK GENERATING CIRCUIT 

The M37421M6-XXXSP has two internal clock generating 
circuits. Figure 23 shows a block diagram of the clock 
generating circuits. The internal ¢after reset can be 
selected by option, the normal operation start mode and the 
low-speed operation start mode. 

The frequency applied to the X,y pin divided by two is used 
as the internal clock at the normal operation start mode. 
The frequency applied to the Xcin pin divided by two is 
used as the internal clock at low-speed operation mode. 
Both Xin and Xciy clocks start oscillation after reset at nor- 
mal operation start mode. Bit 7 of serial |1/O mode register 
(SM,) can be used to switch the internal clock ¢ to 1/2 the 
frequency applied to the Xciyj pin. When using Xcin clock 
pin is connected to Vss and leave the Xoyrz pin open. 

Only Xcin clock starts oscillation after reset at low-speed 
operation start mode and starts by low-speed operation. Bit 
6 of the serial I/O mode register (SMg,) must be set to “0” 
then bit 7 (SM) must be set to “0” to switch ¢ to the nor- 
mal operation mode. However, the wait time until the 
oscillation stabilizes must be generated with a program at 
this case. 

Figure 21 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the Xi (Xcin) pin and leave the Xour 
(Xcour) pin open. A circuit example is shown in Figure 22. 
The M37421M6-XXXSP has two low power dissipation mod- 
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
Xin clock and Xen clock) stops with the internal clock ¢ 
held at “H” level. In this case timer 2 and timer 3 are forc- 
ibly connected and ¢/4 is selected as timer 2 input. When 
restarting oscillation, FF,, is automatically set in timer 2 and 
071, in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply (“0”), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable (“0”), 
and timer 3 interrupt request bit must be set to no request 
(“0”). 

Oscillation is restarted (release the stop mode) when INTj, 
INTs, or serial I/O interrupt is received. The interrupt en- 
able bit of the interrupt used to release the stop mode must 
be set to “1”. When restarting oscillation with an interrupt, 
the internal clock ¢is held “H” until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, “L” level must be kept to the RESET pin until the 
oscillation stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢stops at “H” 
level, but the oscillator does not stop. ¢is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
recieves an interrupt. 











Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode must be set to “1” be- 
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
Xin Clock is stopped and the internal clock ¢is generated 
from the Xciy clock (200A or less at f(Xoin) =32kKHz). Xin 
clock oscillation is stopped when the bit 6 of serial 1/0 
mode register (address O0F6,,) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta- 
bilizes must be generated with a program when restarting. 
An “L” level must be kept to the RESET pin unit the oscilla- 
tion stabilizes when resetting while the Xj, clock is stop- 
ped. Figure 24 shows the transition of states for the system 
clock. 





M37421M6-XXXSP 


Xcin Xcour 


ial Pi piel oe 


Fig.21 Example ceramic resonator circuit 


M37421M6-XXXSP 


Xin Xcout Xcin Xcour 


28 Open 29 30 Open 3] 
External oscillating External oscillating circuit 
circuit or external pulse 


voce | VGH G00 0 Sameer socumma me fa 
Vss Vss 


Fig.22 Example clock input circuit 
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Xcin Xcour 







Timer 2 count source 
selection TM3 














Internal system 
clock source 
selection SM, 


System clock 
stop bit 


SMe 






Timing ¢ 
(internal clock) 


Q S S Q Q S 
Reset 
R STP WIT . R R STP instruction 
instruction | instruction 


<- Reset 
[if Interrupt disable flag | 





SM, 


INT, interrupt enable 


INT, interrupt request 





Timer 3 interrupt enable 


Timer 3 interrupt request 


Timer 2 interrupt enable 


Timer 2 interrupt request 


Timer 1 interrupt enable 


Timer 1 interrupt request 
(or serial 1/0) 
INT» interrupt enable 


INT> interrupt request 


Fig.23 Block diagram of clock denerating circuit 
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WIT instruction 
<< 





4MHz oscillation 
32kHz oscillation 
¢ =stop(high-level) 
Timer operation 







- OS 
Interrupt 


External INT 
Timer interrupt 
$1/O interrupt 








WIT instruction 
a 





4MHz oscillation 
32kHz oscillation 
¢=stop 







———_——> 
Interrupt 


External INT 
Timer interrupt 
$ 1/0 interrupt 


Timer operation( Note 3) 

















Normal operation start mode (Note 4) 


STP instruction 
OOO oS 


4MHz stop 
32kHz stop 


4MHz oscillation 
32kHz oscillation 
¢=1MHz 






¢=stop 





ent 
Interrupt( Note 1) 


External INT 
S I/O interrupt 








STP instruction 







4MHz oscillation se ee 4MHz stop 
32kHz oscillation 32kHz stop 
¢ =16kHz ?=stop 
Interrupt( Note 2) 
External INT 


S I/O interrupt 


SM,=0 
It is necessary to program a 


latency period sufficient to allow 
the 4MHz oscillation to stabilize 


SM.=1 





WIT instruction 
<—_—__. 






4MHz stop 
32kHz oscillation 
¢=stop 

Timer operation( Note 3) 






a 
Interrupt 


External INT 
Timer interrupt 
$ 1/O interrupt 









STP instruction 
——— 


4MHz stop 4MHz stop 
32kHz oscillation 32kHz stop 
?=16kHz ¢=stop 
Interrupt( Note 2) 





pace INT 
S !/O interrupt 


Low-speed operation start mode (Note 4) 


The above example assumes that signals of 4MHz and 32kHz are being applied to pins Xi Xow respectively ¢ signifies the internal clock 


Note 1 > Apporoximately 8ms of latency time are automatically generated upon release 

from the STP instruction due to the connbctions of timer 2 and 3 

2: Approximately 1sec of latency time exists after the release of the STP instruction. 

: When the internal clock 1/8 frequency is connected as a timer count source, ihe count source becomes 2kHz 


4: Specify at mask ROM ordering 


Ww 


Fig.24 Transition of states for the system clock 
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<An example of flow for system> Power on reset 
Clock Xc eetnee clock X stop 
Internal system elk start (Xc—+1/2—>¢) 
Power on reset Program start from RESET vector 
Clock X and clock for clock function Xo oscillation 
| Normal program +—Operating at 32kHz 
Internal system oe start (X -1/2— ¢) 
Program start from RESET vector Clock X oscillation start 


Oscillation rize time (Software) 
Internal clock switching Xcin-*Xin(SM7 : 1-0) 


Normal program +-Operating at 4 MHz | 
S 


Normal operation 


Internal clock ¢ source switching X( 4MHz)—>Xceix(32. 768kKHz)(SM7 : 0-1 ) 
Clock X halt(Xc tn operation) 

Internal clock halt(WIT instruction) 

Timer 3 (clock count) overflow 


Internal clock operation start (WIT instruction released) 


Clock processing routine + Operating at 32. /68kHz 


Internal clock halt (WIT instruction) 


Operation on the clock function only 


Internal clock open start (WIT instruction released) 


Program start on interrupt vector 


Clock X eecilletion start (SM, : 170) 








Oscillation rise time routine (software) Operating at 32. 768kHz 


5 





Internal clock ¢ source switching (Xc-—>X)(SM7: 170) 


Return from clock function 


Normal program —> Operating at 4IMHz 





STP instruction preparation (pushing registers) | 


Timer 2 timer 3 interrupt disable, timer 3 interrupt no request (IM,= 0, TMg= 0, TM7= 0 ) 


Timer ee stop bit resetting (TMs = 0 ) 


Clock X and clock for clock function Xo halt (STP instruction) 





RAM backup function 


| 


RAM backup status 


Interrupts from oe timer 2, timer 1 or serial I/O, INTo 


Interrupts from INT,, serial 1/O, INT» 
Clock X and clock for clock function Xo oscillation start 


Timer 3 overflow (X/16 or X¢/16—timer 2 —timer 3) 
(Automatically connected by the hardware) 


Internal system clock start (X/16 or Xc/2— ¢) 


Program start from interrupt vector 
5 





Normal program | 
§ 





Return from RAM backup function 
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PROGRAM NOTES 

(1) The frequency ratio of the timer and the prescaler is 1/ 
(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) When ¢/4 or it divided by timer are used as clock for 

timer, the contents of the timer can be read at volun- 
tary timing. 
However, when an other clock (except above clocks) 
is input to timer, read the contents of timer either while 
the input of the timer is not changing or after timer 
count is stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) |= 1 @) Vike |: |: eee rere EPROM 8 sets 
Write the following option on the mask confirmation form 

(1) output stop option 

(2) Internal reset timing option 
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ABSOLUTE MAXIMUM RATINGS 


Voc Supply voltage —0.3~7 
Vp Pull-down input voltage Voco—40~Vect0. 3 
—0. 3~13 


. Input voltage, P29>~P27, P3>~P32, P3,~P37, 
I s 




















Vv 










V; Input voltage, RESET, Xin, Xcin 
input voltage, P69~P6s5, P33 


Input voltage, P54~ P57 


With respect to Vss. 
Output transistors cut-off 


0.313 


CNV¢gzg, P52/INT2, P53/INT; 
——(), 3~Voco +0. 3 









—0.3~13 


Output voltage, P29~P27, P39~ P32, P34~ P37 
Output voltage, P69~P6s, Xour, Xcout, ¥ P33 





Vi 

Vi 

Vo 

Vo 
Output voltage, P0>~P07, Plp~P17, P4o~P4z, PSp, PS: Veco—40~Vec+0. 3 
hac lewerdmeno ee one 
Storage temperature ec 


Note 1 : 600mW for QFP types 











mW 
i 8; 
Cc 








RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10~70°C, unless otherwise noted) 


Symbol Parameter Unit 
sm | Pama em Typ ime 
Voc Supply voltage 
f(Xcin) =32kHz 2.7 5 5u5 
Vp 
















V 

Pull-down supply voltage Voco—38 Voc V 

Vss Supply voltage 0 V 
“H” input voltage P29~P27, P39~P37, CNVsgs( Note 1 

Vin p g 0 7, P30 7 ss( ) 0. 75Veg Vee v 


P52/INT2, P53/INT;, P6g~ P65 
“H” input voltage RESET, Xin, Xcin 
“H” input voltage P54~P57 
“L” input voltage P29~P27, P39~P37, CNVss 
P52/INT2, P53/INT;, P6g~ P65 
“L” input voltage RESET 
“L” input voltage Xin, Xcin 





















































Vit 
Vie 
Vic 
Vie 


lou(sum) | “L” sum output current P29>~P27, P39~P37, P69~ P65 








“L” input voltage P54~P57 
“H” sum output current POg~P07, Pig~P17, P4g~P47 
P50, P5, 
“H” sum output current P69~P65 


























lou(peak)| “H” peak output current PQo~ PQ, 


lon(peak) 


lon(peak) 



















“H” peak output current PO;~P07, P19~P17 
“H” peak output current P49~P47, P59, P5; 
“H” peak output current P6y~ P65 














“L” peak output current P29~P27, P3q~ P37 











“L” peak output current P69~ P65 











“H” average output current PQo~P07, P1o~P17 


























lon(avq) | “H” average output current P4p9~P47, P5o, P5; 
“H” average output current P69~P65 









lot(avq) | “L’ average output current P29>~P27, P39~ P37 





“L” average output current P6p~ P65 
f(Xin) =4. 2MHz 
f(Xcin) =32kHz 
Clock input oscillating frequency (Note2, 3, 5) 
















Timer 3 counter clock input 











f 
(P82/CNTR)) Ge citlation frequency (Note 2 ) 























Note 1 : High-level input voltage of up to +12V may be applied to permissible for ports P29~P27, P39~ 
P3p, P34~P3,, CNVsgs, P52 and P53 

Oscillation frequency is at 50% duty cycle 

When used in the low-speed mode, the timer clock input frequency should be f(Xcin) < f(Xin)/3 
The average output current lo.(avg) and loniavg) are in period of 100ms 

When external clock input is used, the timer clock input frequency should be f(Xcin) < 50kHz 


Clock oscillating frequency for clock function 


om & W PP 
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Test conditions 








lox=—0. 5mA 


< 
re) 
[@) 

| 
Oo 
=a 


<|<|< 

QO 10 1/0 

ao 10 jo 
Beekar 

RO FRO] RO 






= jo) 
ol ‘J 
ie) oO Ww 


ad 
w 


is 


= RR 


nit 
l Von “H” output voltage P6p~P6s5 V 
“H” output voltage P4o~P47, P5o, P5; lox=—12mA 
“L” output voltage ¢ lol =2. 5mA 
Hysteresis PS, When used as CLK input 
“L” input current P54,~P57 =0V 


ELECTRICAL CHARACTERISTICS (Vec = 5V+10%, Vss = OV, Ta = 25C, f(Xiy) = 4MHz, unless otherwise noted) 
oe 
“L” output voltage P29~P27, P39~ P37 lop=10mA 
ae 


< 
| 





Be 
> 


‘ Limits 
Symbol Parameter U 
Typ. 
Vou 
“H” output voltage PQ9~P07, Pip~P17 lox=—18mA 
“L” output voltage P69~ P65 lop =0. 5mA 
Hysteresis RESET 
“L” input current P69~P6s V,=0V 
“L” input current P52/INTo, P53/INT, V\=0V 


P2o~ P27, P380~ P37 V,;=5V 


P2o~ P27, P30~ P32, P33~ P37 V/f= 12V 


<j< < 
H | | | 
[})) 
< 


lhe “H” input current P6o~ P65 = 


=5V 
Vi=12V 


is 
> 






“H” input current P54~P57 : 


| ting _| “H” input current RESET, Xin, Xcin 
A V.=5V 
“H” input current P52/INT2, P53/INT, 
V\=12V 


Weenie P0~POz, Plo~Pt7, P4o~P4r, P5p, P51] Vp=Voc—36V, VoL=Vec 
P0y~PO, Plo~P1z, Pdo~Pdr, P5p, P5y] Vp=Vec—38V, Vo.=Veco—38V 
RAM retention voltage at clock stop 


=< 

d 

< 
gr [RY] RR 
> |> 


jo) 


i 
> 


LA 









Output pins open (output OFF) 
Ve=Vcc, Vp=Vss Input and 1/0 pins all at Vsg 
Xin=4MHz (system operation) 


ditto (at comparator mode) 
ditto (at wait mode) 


Xin—Xour stop 
Xcin==32kHz (at system operation) all other 
conditions same as above 


ditto (at wait mode) 
Oscillation all stopped | Ta=25°C 
(at STOP mode) Ta=70T 


at 


2 






= 
> 


o ro) oO 
o!|o NAAM; a}; air}ojoa}oa| a} a] a N hm} ] ph 
‘Ss 

> 


2 






Supply current 

















200 






LA 


— 


wv —) 
= (o>) ol 
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COMPARATOR CHARACTERISTICS (Voo=5V410%, Voo=0V, Ta=25°C, f(Xiy) =4MHz) 


Parameter 


Internal analog voltage error 





Resolution | = | 


Analog input voltage 


X,=4MHz ceramic oscillator 


X= 32. /68kHz quartz crystal 
C,=C,=30pF oscillator 
R,=1MQ 

C3=10pF 

C,=30pF 

R2=10M0. 

R3=100kQ 





Output pins are open 


Fig.25 Supply current test circuit 
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TIMING REQUIREMENTS 


Single-chip mode (Voc = 5V410%, Vss = OV, Ta = 25°, f (Xin) = 4MHz, unless otherwise noted) 


External clock input cycle time (Xix input) 
External clock input pulse width (Xijy input) 


External clock input cycle time (Xcin) 
External clock input pulse width (Xcin) 
oe External clock rise time 


External clock fall time 





Timing requirements of Xin 















Xin Clock input cycle time tc( Xin) 








Xin Clock Input pulse width “H” twr 








Xin Clock input pulse width “L” tw. 
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DESCRIPTION 

The M37424M8-XXXSP, M37524M4-XXXSP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. They are housed in a 64-pin shrink plastic molded 
DIP. 

This single-chip microcomputer is useful for business 
equipment and other consumer applications. 










PIN CONFIGURATION (TOP VIEW) 


64] > P3/Sin 

+ P3,/Sout 
++ P3,/CLK 
61] +> P33/Srpy 





P45/ANs +> 60} > P34/Tour 
In addition to its simple instruction sets, the ROM, RAM, P4,/AN, 
and I/O addresses are placed on the same memory map to P45/AN, + 
enable easy programming. P4/AN> +> 
The differences between the M37424M8-XXXSP and the P4,/AN, +> 
M37524M4-XXXSP are noted below. The following explana- P4o/ANo +* 
tions apply to the M37424M8-XXXSP. P6,/DA, +> 
Specification variations for other chips are noted accor- hy segs < < 
singly a: © 4 
P63/CNTR, +> > > 
EEHENT Ro < we 
M37524M4-XXXSP N-channel open drain P6o/INTo +> Oo 
| : P57/YPLS «> a 
P5./VPLS + 
FEATURES P5;/Q + 
@ Number of basic instructionS::::so strc t rete 70 P5,/PWM «+ 
68 MELPS 740 basic instructions +2 multiply/divide in- PS3/INTs +> 
structions pall ia S 
@ Memory size ROM crccesrrrstereeeteeetentees 16384 bytes PS1/INT3 + 
P5o/INT2 +> 
RAM Serre eee eee ee ee eee eee ee ee 256 bytes CNVec 
@ Instruction execution time RESET > 
RS ee 1s (minimum instructions, at 4MHz frequency) 
@ Single power supply see cece een e teens eereeereesenetees 5Vt10% 
@ Power dissipation 
normal operation mode (at 4MHz frequency) :::::-: 30mW 
@ Subroutine nesting 96 levels (Max. ) 
@ Interrupts: creer eet eee 16 types, 16 vectors Outline 64P4B 
@ B-bit timers ccc et ee een e eee tenet eee ees 4 
@ 16-bit timer creer creer eee eee t tet eetet ene ee teat eee 1 
@ Serial 1/O (8-bit or 1B-Dit) creeee ce eet tere tere teen ence eee nes | 
@ PWM output (GS 0) 0 cee eee | 
@ A-D converter (8-bit resolution) +1 8-channel 
@ D-A converter (5-bit resolution) vsti 2 
@ D-A converter (8-bit rESOlIUTION) crrrrre etree terete 2 
@ Watchdog timer 
@ External trigger output (1-bit) ---------s rrr 1 
@® V pulse Y pulse generator 
@ Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P5, P6) biel Bread aid el da ogrenrerna ara ofits 56 
APPLICATION ' 


Office automation equipment 
VCR equipment 
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M37424M8-XXXSP BLOCK DIAGRAM 





Clock 
Clock input output Timing output Reset input 
Xin Xout ¢ RESET Vec Vss C NVcs 






ROM 


16384 bytes 





RAM 
256 bytes 


Program Program 
counter counter 
PCy (8) PC, (8) 









Instruction 

register (8) 

Instruction 
decoder 














Timer X Timer X 
latch High (8)] latch Low (8) 















arithmetic Processor Index Index Stack Timer X Timer X Control signal 
and logical status register register pointer High (8) Low (8) 


S(8) 


l 
iin 
ee) 


— 


register PS(8 











trigger oe 


output 





converter 
(8) 2ch (5) 2ch 





aera ON AIM AIS OIUAIEY - BAN EXEXTD BX AND -EAEIEMEOENEZNEI 404 1142)43)44)4514614 7148) AEDES NSZEIESSSOO 
Vrer ———_.,——_—- Ne ek Ne eS Nn Ne 
1/O port P5 Reference I/O port P6 1/O port P4 1/O port P3 I/O port P2 I/O port P41 1/0 port PO 


voltage input 
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FUNCTIONS OF M37424M8-XXXSP ? 


Number of basic instructions 70 (68 MELPS 740 basic instructions +2) 
Instruction execution time 1s (minimum instructions, at 4MHz frequency) 


| Clock frequency 4MHz 
Memory size 
Input/Output ports PO, Pt, P2, P3, P4, PS, P6 8-bitX7 


Serial 1/O 8-bit or 16-bitX1 

Timers 8-bitX4, 16-bitX1 

A-D conversion 8-bitX1 (8 channels) 

D-A conversion 5-bitX 2, 8-bitK2 

Pulse width modulator 14-bitX1 

Watchdog timer 15-bitX1 

Subroutine nesting 96 levels (max ) 

Interrupt 16 (external 8, Internal 8) 
Clock generating circuit \ Built-in (ceramic or quartz crystal oscillator) 
Supply voltage 5V+10% 

Power dissipation 30mW (at 4MHz frequency) 


Operating temperature range 


Device structure CMOS silicon gate 





Package 64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 


Name Functions 





Supply voltage Power supply inputs 5V+10% to Vcc, and OV to Vss 


a This is usually connected to Vss 














Reference Reference voltage input pin for A-D and D-A converter 

voltage input 

Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 4us (under normal Voc 
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 





Clock input This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xour pins If an external clock is used, the clock 
ees output source should be connected the Xiy pin and the Xour pin should be left open 











— 5 eran 
Timing output This is the timing output pin 


| es 











1/O port PO Port PO is an 8-bit 1/O port with directional register allowing each !/O bit to be individually programmed as 

input or output At reset, this port is set to input mode The output structure is CMOS output 

i ar a 

1/O port P1 1/0 Port P1 is an 8-bit I/O port and has basically the same functions as port PO The output structure of 

M37424M8-XXXSP ts CMOS output and that of M37524M4-XXXSP is N-channel open drain output 
ea Ne a a a Ra a ee 

1/O port P2 Port P2 is an 8-bit I/O port and has basically the same functions as port PO The output structure is CMOS 

. Output 

















1/O port P3 Port P3 is an 8-bit 1/O port and has basically the same functions as port PO When serial |/O 1s used, P33, 
P32, P3;, and P39 work as Sppy, CLK, Sour, and Sin pins, respectively Also P3, works as Tour pin The out- 
put structure is N-channel open drain 

sy Ce == 

1/O port P4 Port P4 is an 8-bit |/O port and has basically the same functions as port PO P49~ P47 work as analog Input 

port ANo~AN7 

etl nee 

1/O port P5 Port P5 is an 8-bit |/O port and has basically the same functions as port PO P57, P5¢, P5s, P54 and P53~P5o 

are in common with the YPLS output, VPLS output, Q output, PWM output and interrupt input respectively 























1/O port P6 Port P6 is an 8-bit [/O port and has basically the same functions as port PO P67;~P6,4, P63, P62, and P6;, 
P6> are In common with the D-A output, CNTR output and interrupt input respectively 
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FUNCTIONAL DESCRIPTION 

CENTRAL PROCESSING UNIT (CPU) 

The M37424, M37524 microcomputers use the standard 
MELPS 740 instruction set. For details of instructions, refer 
to the MELPS 740 CPU core basic functions, or the MELPS 
740 Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions can be used. 

The WIT instruction can be used. 

The STP instruction are not provided. 


CPU MODE REGISTER 
The CPU mode register is allocated to address OOFBjg. 
This register has a stack page selection bit. 


CPU mode register(address 00FB,,) 


Processor mode bit 
00 : Single-chip mode 


01: 
10: 
11: 


Not used 


Stack page selection bit 
0 : In page 0 area 
1: In page 1 area 


Watchdog timer overflow period select bit 
0 : Count 131072 times of ¢ 
1: Count 1024 times of ¢ 


System clock output selection bit 


0 : Stop 


1: System clock output 


Fig.1 Structure of CPU mode register 
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MEMORY @ interrupt Vector Area 
@ Special Function Register (SFR) Area The interrupt vector area is for storing jump destination 
The special function register (SFR) area contains the addresses used at reset or when an interrupt is gener- 
registers relating to functions such as I/O ports and ated. 
timers. @ Zero Page 
@®RAM Zero page addressing mode is useful because it enables 
RAM is used for data storage as well as a stack area. access to this area with fewer instruction cycles. 
@ROM @ Special Page 
ROM is used for storing user programs as well as the in- Special page addressing mode is useful because it en- 
terrupt vector area. ables access to this area with fewer instruction cycles. 
000016 
RAM 
(192 bytes) 
OOBFi¢ Zero page 
OOF Fi. | 
0100,¢ 
RAM 
(64 byt 
Me 013F 4. 
C000i¢ 
FF004¢ 
ROM 
(16384 bytes) Special 
- page 
FFDE 46 for 
subroutine 
Interrupt vector call 
area 
FFFF4, 


Fig.2 Memory map 
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00601 
00614 
0063. 


00044, 
00C5,,] Port P2 directional register 
00C6i¢ 
00C7,,] Port P3 directional register 


000816 

000946 

00CArg 

00CB is 

00CC 16 00ECi6 
OOCD,.6} Port P6 directional register QOED,.]| Interrupt polarity specification register 

000016 00F O16 


00D2,, | D-A3 conversion register OOF2,.5 | Timer 3 


00D3,, | D-A4 conversion register OOF31¢6 
00D4,, | Pulse width modulation register H OOF 4,¢ | Timer X (low-order) 
00D5,,¢} Pulse width modulation register L OOF 5,6 | Timer X (high-order) 


00D6,,] V pulse preset value P OOF6,,¢ | Timer X latch (low-order) 
00D7,,} V pulse preset value N OOF7,¢ | Timer X latch (high-order) 


00D8,,{ V pulse control register OOF8,, | Timer 1, 2 mode register 
00D9,,. | A-D successive approximation register OOF9,¢ | Timer 3, 4 mode register 
OODA;,} A-D control register OOFA,, | Timer X mode register 
O0ODB,,.}| D-A1 conversion register OOFB:, | CPU mode register 


000¢,[D-A2 conversion register 000 «| interrupt request regisigy 1 
QODD,¢| Serial 1/O mode register O0FDi5 
OODE;¢| Serial 1/0 register L | OOFE, 
00DF ig OOF Fre 


' 


Reserved area 











Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 16 different events. Interrupts 
are vectored interrupts with prioities shown in Table 1. Re- 
set is also included in the table because its operation is 
similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt inhibit flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupt are dis- 
abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 5 shows the structure of the interrupt 
request registers 1 and 2, interrupt control registers 1 and 2 
and interrupt polarity specification register. 


Table 1. Interrupt vector address and priority 





For external interrupts (INTp to INTs, CNTR», and CNTR;), 
the polarity of each pin’s interrupt input can be set. Polarity 
for INTp to INT; and CNTR, is set by bits 0 to 6 of the inter- 
rupt polarity specification register (address OOED;¢); polar- 
ity for CNTRo is set by bit 6 of the timer X mode register 
(address OOFA,,). If “O” is written to one of these bits, the 
corresponding interrupt request is falling-edge active; if “1” 
is written, the corresponding interrupt request is rising- 
edge active. INT, can also be set to be both rising-edge 
and falling-edge active by setting bit 7 of the interrupt 
polarity specification register to “1”. The meaning of the 
CNTR, interrupt is different if it is used with timer X in 
pulse width measurement mode 1, pulse width measure- 
ment mode 2, or pulse period measurement mode. For de- 
tails, see the section on timer X 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt inhibit flag is “O”. The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 


est priority. Figure 4 shows interrupts control. 
































































































































































































Priority A Vector addresses Remarks 
RESET 1 FFFFig, FFFEi6 Non-maskable 
INT interrupt a 2 FFFDi¢, FFFCi¢ External interrupt (phase programmable) 
INT, interrupt 3 FFFBie, FFFAi6 | External interrupt (phase programmable) 
INT» interrupt 4 FFFQ1i6, FFF8i¢ External interrupt (phase programmable) 
Timer 4 interrupt 5 ae FFF7i6, FFF6i4¢ aes 
Timer 1 interrupt 6 FFF516, FFF4i¢ 
INT; interrupt is y FFF3,56, FRFF2i¢ | External interrupt (phase programmable) 
CNTR, interrupt 8 FFFi4g, FFFOig | External interrupt (phase programmable) 
INT, interrupt 9 FFEFi¢, FFEEi6 External interrupt (phase programmable) 
Timer X interrupt 10 FFEDi¢, FFECi¢ 7 
CNTRo mterrupt | FFEBig, FFEAi6 | External interrupt (phase programmable) 
Timer 2 interrupt 12 FFE9Q,6, FFE81. 
Timer 3 interrupt mie PEETic. PREG 
Serial !/O interrupt el 14 FFE5i¢, FFE4 1. 
INTs interrupt 2 15 FFE3i6, FFE2i¢ External interrupt (phase programmable) 
A-D conversion completion tnterrupt 16 FFE1i¢, FRFEQi6 
BRK instruction interrupt FFDFi6, FFDEi. Non-maskable software interrupt 
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Interrupt request bit 


Interrupt enable bit 


Interrupt inhibit flag | 


Fig.4 


Fig.5 Structure of registers related to interrupt 
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Interrupt control 


BRK instruction 
reset 


Interrupt polarity specification register 
(address 00ED;,) 
INT) interrupt polarity specification bit 
INT, interrupt polarity specification bit 
INT» interrupt polarity specification bit 
INT3 Interrupt polarity specification bit 
INT, interrupt polarity specification bit 
INT, Interrupt polarity specification bit 
CNTR, interrupt polarity specification bit 
0 : Falling edge active 
1: Rising edge active 


INT, both edge active specification bit 
0 : Falling or rising edge active 
1 : Both edge active 


Interrupt request register 1 
(address 00FC;,) 

INTo interrupt request bit 
INT, interrupt request bit 
INT. interrupt request bit 
Timer 4 interrupt request bit 
Timer 1 interrupt request bit 
INT3 interrupt request bit 
CNTR, Interrupt request bit 
INT, interrupt request bit 


Interrupt control register 1 
(address 00FE,¢) 

INT, interrupt enable bit 
INT, interrupt enable bit 
INT» interrupt enable bit 
Timer 4 interrupt enable bit 
Timer 1 interrupt enable bit 
INT3 interrupt enable bit 
CNTR, interrupt enabie bit 
INT, interrupt enable bit 


Interrupt request 





Interrupt request register 2 
(address 00FD,,) 
Timer X interrupt request bit 
CNTRg interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Serial |/O interrupt request bit 
INTs interrupt request bit 
A-D conversion completion interrupt request bit 


0 : Interrupt disable 
1: Interrupt requested 


0 


Interrupt control register 2 
(address OOFF 4) 
Timer X interrupt enable bit 


CNTRg interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 
Serial I/O interrupt enable bit 


INTs; interrupt enable bit 
A-D conversion completion interrupt enable bit 


0 : Interrupt disable 
1 : Interrupt enabled 
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TIMERS 

The M37424M8-XXXSP has five timers : timer X, timer 1, 
timer 2, timer 3, and timer 4. A block diagram of these tim- 
ers is shown in Figure 9. 

Timer X is a 16-bit timer. It has an independent 16-bit timer 
latch and can be used in eight modes. The structure of the 
timer X mode register is shown in Figure 8, and the eight 
timer X modes are described below. 


(1) 16-bit timer mode [000] 

Basic mode in which timer X functions as a 16-bit reload 
timer and timer X generates an interrupt request when it 
overflows. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is “O”, the count source is the oscillation 
frequency divided by 2; if it is “1”, the count source is the 
oscillation frequency divided by 16. This bit is “OQ” im- 
mediately after a reset. 

The timer counts down the value which decrements by one 
from the value set in the latch. At the next count pulse after 
it reaches FFFFig from O000;¢, an timer X interrupt is 
generated, and at the same time the value in the timer 
latch is reloaded into the timer The value is not reloaded 
into the timer until it overflows, even if the contents of the 
timer latch are overwritten. 

When writing to the timer directly, write the upper value 
first, then the lower value. The upper value is overwritten at 
the same time that the lower value is written. When reading 
the timer, read the lower value first, then the upper value. 
At the point at which the lower value is read, the upper 
value is latched. If reading the lower value always read the 
upper value as well. There are no restrictions on which part 
of the timer latch should be written to or read first. 


(2) Event counter mode [001] 

Mode in which timer X operates in exactly the same way as 
in timer mode, except that the count source is the external 
pulse input from the CNTRp pin The input polarity of the 
CNTRo pin can be selected by bit 6 of the timer X mode 
register : if this bit is “O”, falling edges are counted ; if it is 
“1”, rising edges are counted. 


(3) Pulse width measurement mode 1 [010] 

Mode in which timer X measures the width of “H” or “L” 
period of the external pulse input from the CNTR pin. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is “O”, the count source is the oscillation 
frequency divided by 2; if it is “1”, the count source is the 
oscillation frequency divided by 16. In this mode the timer 
counts up ° at the same time that the measurement ends, 
the value in the timer is latched into the timer latch and a 
CNTR interrupt request is generated. 

Bit 6 of the timer X mode register selects whether the “H” 
period is measured or the “L” period. If this bit is “O”, the 


“L” period is measured ; if it is “1”, the “H” period is mea- 
sured. 


(4) Pulse width measurement mode 2 [011] 

Mode in which timer X continuously measures the width of 
both “H” and “L” periods of the external pulse input from 
the CNTRg pin. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is “O”, the count source is the oscillation 
frequency divided by 2; if ‘it is “1”, the count source is the 
oscillation frequency divided by 16. The value in the timer 
is latched at both the rising edges and falling edges of the 
external pulse, and a CNTRg interrupt request is generated. 
Whether the measured value is the “H” period or the “L” 
period can be determined by checking the level of the P6,/ 
CNTR» pin. This mode can be used to measure the duty 
cycle of external pulses. 


(5) Pulse period measurement mode [100] 

Mode in which timer X measures the period of the external 
pulse input from the CNTRg pin. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is “O”, the count source is the oscillation 
frequency divided by 2; if it is “1”, the count source is the 
oscillation frequency divided by 16. If bit 6 of the timer X 
mode register is “0”, the period from one falling edge to 
the next falling edge is measured ; if it is “1”, the period 
from one rising edge to the next rising edge is measured. 
The measured value is latched in the timer latch, and a 
CNTRg interrupt request is generated. 


(6) Pulse output mode [101] 

Mode in which an waveform of duty cycle 50% which is in- 
verted every time timer X overflows is output to the CNTR, 
pin. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is “0”, the count source is the oscillation 
frequency divided by 2; if it is “1”, the count source is the 
oscillation frequency divided by 16. 


(7) Programmable waveform generation mode [110] 
Mode in which the contents of the output level latch allo- 
cated to bit 5 of the timer X mode register are output to the 
CNTRg pin every time timer X overflows. 

The count source is selected by bit 4 of the timer X mode 
register : if this bit is “O”, the count source is the oscillation 
frequency divided by 2; if it is “1”, the count source is the 
oscillation frequency divided by 16. Various different wave- 
forms can be generated by updating the values in the out- 
put level latch, the timer and the timer latch, each time tim- 
er X overflows. 
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(8) Programmable one-shot generation mode [171] 
Mode in which the active edge of an external pulse input 
from the P6)/INT> pin sets the value of the timer latch into 
timer X, and timer X starts to count. The CNTRg pin goes 
“H” at the same time of the active edge of the INTo pin in- 
put, and goes “L” when timer X overflows. 
The count source is selected by bit 4 of the timer X mode 
register : if this bit is “O”, the count source ‘is the oscillation 
frequency divided by 2 ; if it is “1”, the count source is the 
oscillation frequency divided by 16. The active edge of the 
INT) pin is set by bit 0 of the interrupt polarity specification 
register, and is the same as the polarity of the INTo inter- 
rupt. 

Note that if the CNTR pin is used as a pulse output pin (in 
pulse output mode, programmable waveform generation 
mode, or programmable one-shot generation mode), bit 7 
of the timer X mode register must be “1”. If this bit switches 
from “QO” to “1”, an “L”-level signal will be output to the 
CNTRg pin. However, be aware that if timer X is switched 
to another pulse output mode while this bit is “1”, the level 
output in the previous mode will still be held by the CNTR, 
pin. 


\ 


Timer 1, timer 2, timer 3, and timer 4 are all 8-bit timers 
with 8-bit timer latches. Writing to a timer latch sets the 
corresponding timer at the same time, except that, if the 
value written to the latch is n, the value actually set in the 
timer is (n—1). The timer has a count-down operation : at 
the next count pulse after it reaches FFig from QQj.6, the 
value in the timer latch is reloaded into the timer. If the 
value in the timer latch is n, the divide ratio is 1/(n+1). At 
the same time, the interrupt request bit corresponding to 
that timer is set to “1”. Set the count source for each timer 
by the timer 1, 2 mode register (address OOF8,,) or the 
timer 3, 4 mode register (address O0F9,,). 

If an external clock is selected as the count source for tim- 
er 2, timer counts the P63/CNTR, pin input. An inverting 
waveform every time timer 2 overflows can be output to the 
P3,/Tourt pin, by setting bit 7 of the timer 1, 2 mode regis- 
ter to “1”. The structure of the timer 1, 2 mode register is 
shown in Figure 6 and the structure of the timer 3, 4 mode 
register is shown in Figure 7 

At reset, timer 3 is set to FF,, and timer 4 is set to O7 46. 
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7 0 


Timer 1, 2 mode register 
(address 00F8,.) 


Timer 1 count source selection bit 
0: Oscillation frequency divided by 16 
1: Not used 


Timer 2 count source selection bit 
00 : Oscillation frequency divided by 16 
01 : External clock 
10 : Timer 1 overflow signal 


11: External clock 


Timer 1 count stop bit 
0 : Count 
1° Stop 


Timer 2 count stop bit 
0 : Count 
1° Stop 


P34 mode switch bit 
0 : P3, latch output 
1° Tout output 





Fig.6 Structure of timer 1, 2 mode register 


Timer 3, 4 mode register 
(address 00F94.) 
Timer 3 count source selection bit 
0: Oscillation frequency divided by 16 
1: Not used 


Timer 4 count source selection bit 
0 : Timer 3 overflow signal 
1 : Oscillation frequency divided by 16 


Timer 3 count stop bit 
0 : Count 
1: Stop 


Timer 4 count stop bit 
0 : Count 
1: Stop 





Fig.7 Structure of timer 3, 4 mode register 





‘a F 0 
Ee 





Timer X mode register 
(address OOFA;,) 


Timer X mode selection bit 


000 . 16-bit ttmer mode 

001 : Event counter mode 

010 : Pulse width measurement mode 1 

011. Pulse width measurement mode 2 

100 : Pulse period measurement mode 

101 : Pulse output mode 

110 : Programmabie waveform 
generation mode 

111: Programmable one-shot 
generation mode 


Timer X count stop bit 
0 : Count 
1° Stop 


Timer X count source selection bit 
0 : Oscillation frequency divided by 2 
1: Oscillation frequency divided by 16 


Output level latch 
0: “L” output 
1: “H” output 


Event polarity selection bit 
0 . Falling edge 
1: Rising edge 


P6, mode switch bit 
0 * P63 latch output 
1. CNTR» output mode 





Fig.8 Structure of timer X mode register 
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T12M : Timer 1, 2 mode register (address 00F8,.) Data bus 


T34M : Timer 3, 4 mode register (address 00F9,¢) 
TXM : Timer X mode register (address OOFA;,) 
Select gate : At reset, shaded 
side is connected 
Timer 1 interrupt request 





CM _ : CPU mode register (address O00FB;.) 


Timer 1 latch(8) 







P63/CNTR, O—> 


Timer 2 interrupt request 


P3, latch 
P3./Tour ( }}—@ 
T12M, 
Timer 3 interrupt request 
Timer 4 interrupt request 
TS4Me T34Ms5 
Watchdog timer(15) 
CM 
Reset circuit 
po 
16-bit timer latch 
Timer X latch “H”(8)} Timer X latch “L”(8) 
TXMo rer ' 
P6, latch TXM 16-bit timer 
TXM, — B, Timer X interrupt request 


Event process circuit 


CNTRo tnterrupt request 


Timer X “H”(8) | Timer X “L”(8) 
PE/CNTR) Oa 1D yaar 
’ TXMg : Polarity | 
switch 


TX 
P6/INT, CC) a. : 


ITOEG : Polarity switch 


Fig.9 Block diagram of timer 
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SERIAL 1/O 

A block diagram of the serial |/O function is shown in Fi- 
gure 11. The serial |/O receive enabled signal pin (Sppy), 
synchronous clock I/O pin (CLK), and data I/O pins (Sour, 
Sin) also function as the P33, P32, P3,, and P39 of the port 
P3. 

The serial !/O mode register has an 8-bit structure. Bits 1 
and 0 select the synchronous clock : the oscillation fre- 
quency is divided by 8 if they are [00], by 16 if they are 
[01], by 128 if they are [10], or by 512 if they are [11]. Bit 
2 selects an external clock. 

Bits 3 and 4 are used to select whether part of port P3 is 
used for serial I/O. If bit 3 is “1”, the P32 is the I/O pin for 
the synchronous clock . 

The P3, is the serial data output pin and the P38, is the se- 
rial data input pin. If using the P3, as the serial data input 
pin, set the bit in the directional register corresponding to 
P39 to “O” to set input mode. If serial 1/O is being used, bit 
3 must be set to “1”. When bit 3 is “0”, the P3. functions as 
an ordinary |/O pin. 

Bit 4 selects whether the P33 is used as the output pin for 
the receive enabled signal Srapy. If this bit is “1”, the Sepy 
signal is output ; if it is “O”, the P33 is an ordinary I/O pin. 
Serial I/O register H and serial I/O register L are 8-bit reg- 
isters for data transfer that can be used in both transmis- 
sion and reception. For 8-bit transfer, serial |/O register L 








P33 latch 


SM, 


P32 latch 


P30/Scix 


C..w 
SM3 
P3, latch 


SM3 


O-> 


P31/Sour 


P30/Sin 





U 0 
TTT TT yy Serial !/O mode register 
( 


address 00DD,<) 
Internal synchronous clock frequency selection bit 
00 : Oscillation frequency divided by 8 


01 : Oscillation frequency divided by 16 
10 : Oscillation frequency divided by 128 


11° Oscillation frequency divided by 512 
-Internal/External clock selection bit 


0 : External clock 


1: Internal clock 
Serial 1/O port selection bit 


0 : 1/0 port 


1: Senal 1/O port 
Sarpy Output selection bit 
0: 1/0 port 
1: Sapy signal output pin 
Transfer direction selection bit 
0 : LSB first 


1 > MSB first 
Data length selection bit 


0 : 8-bit 
1: 16-bit 

Operation mode selection bit 
0 : Normal operation mode 
1: Not used 


Fig.10 Structure of serial |1/O mode register 


Data bus 


1/2 11/16] 1/64 


Sync circuit 7 


Serial 1/O counter(3/4) 


SM2 )y 
Es) 


Serial 1/O 
interrupt request 


(H/L)(8/16) : 


Serial 1/O register 


SM : Serial 1/O mode register(address 00DD,,) 


Fig.11 Block diagram of serial I/O 





oe SR 
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(address OODE 6) is used ; for 16-bit transfer, serial 1/O 
register H (address OODF,,) is used for the upper byte and 
serial |/O register L for the lower byte. The data length to 
be transferred can be selected either 8 bits or 16 bits by 
setting bit 6 of the serial I/O mode register. Whether data 
transfer is MSB first or LSB first can be selected by setting 
bit 5 of the serial |1/O mode register. 

The operation of the serial 1/O function will now be de- 
scribed. The operation differs depending on whether the 
internal clock or an external clock is selected as the syn- 
chronous clock. Use with the internal clock will be de- 
scribed first. ; 

If the serial I/O register L is written to, the Sapy signal is at 
“H” during the write cycle ; it then goes “L” when the write 
cycle ends to indicate reception enabled status. If the se- 
rial 1/O registers transfer clock goes “L” even once, the 
Srpy Signal goes “H”. During the write cycle to the serial 
I/O register, “7” is set in the serial 1/O counter for 8-bit 
transfer or “15” for 16-bit transfer, and the serial I/O regis- 
ter’s transfer clock is forced to “H”. After the write cycle 
ends, data is output to the P3, pin each time the transfer 
clock goes from “H” to “L”. Data is input from the P39 pin 





each time the transfer clock goes from “L” to “H” and, at 
the same time, the contents of the serial |/O register are 
shifted one bit. If bit 5 of the serial I/O mode register is “0”, 
the data enters from the MSB and shifts to the right , if it is 
“1”, the data enters from the LSB and shifts to the left. 
When the serial 1/O counter reaches “Q” after counting 
either 8 or 16 transfer clocks, the transfer clock stops at 
“H” and the corresponding interrupt request bit is set. 

If an external clock is selected as the synchronous clock, it 
must be controlled externally because, although the inter- 
rupt request bit is set, the transfer clock does not stop. Use 
a clock of no more that 500kHz with a duty cycle of 50% as 
the external clock. 

The timing at which 8-bit data is transferred LSB-first is 
shown in Figure 12. If an external clock is used for the 
transfer, the external clock must be “H” when the serial I/O 
counter is initialized. Make sure that the serial I/O counter 
is initialized after the transfer clock switches. Initialize by 
writing to the serial [/O register H. 

A connection example for transferring data from one 
M37424M8-XXXSP to another is shown in Figure 13. 


Synchronous clock ed Rell eee ae Mel Vested Goce Pee Pie sb fede a 
Transfer clock LPAP LA LI LD LILI LI 


Serial 1/O register 
write signal 


Serial I/O output 


Fig.12 Serial I/O timing 





Sou Po fh Or X De X Ps K_% KOs X Oo Xo 
ae es aT Oe ED Ge 1 Ge Gn Gl, emo 
Sin : 
Receivable signal ee a a as aaa 
Srpy : 


Interrupt request bit set 
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Sending side 


P33 
7 


0 
CER REOBE 


Set the direction 
register for P33 pin in 
input mode 


Receiving side 


P3, 


7 


0 
ele he sees 


Set the direction 
register for P39 pin in 
input mode 


Synchronous clock 


Serial data 


Fig.13 Example of serial 1/0 connection 


PWM OUTPUT CIRCUIT 

The M37424M8-XXXSP has a PWM function with a 14-bit 
resolution, a repeat period of 8192us when the oscillation 
frequency Xin is 4MHz (the explanation in the rest is based 
on the assumption that X,y=4MHz), and a minimum bit re- 
solution width of 500ns. If data is set in the lower 6 bits of 
the pulse width modulation register L (PWM-L : address 
00D5,,¢) and the pulse width modulation register H (PWM- 
H : address 00D4,,), and the port P5, function selection bit 
(bit O of the special function selection register) is set to 
“1”, a PWM waveform is output from port P54. 

The period of 8192us is resolved into 16,384 minimum 
pulse widths (500ns), and the pulse width can be mod- 
ulated in 500ns units in accordance with the 14 bits of data 
written into PWM-H and PWM-L. By dividing the 8192us 
repeat period into 64 short-area periods, pulses of approx- 
imately equal width can be output at a 128us period. A 
block diagram of the PWM circuit is shown in Figure 14. 
The data written to the PWM register is transferred to the 
PWM latch at the repetition of the PWM period. The signals 
output to the PWM pin correspond to the contents of this 
latch. When data of PWM-L register is read, data in this 
latch has already been read allowing the data output by the 
PWM to be confirmed. In this case, the upper 2 bits of the 
8-bit register becomes undefined. However, bit 7 of the 
PWM.-L register indicated the completion of the data trans- 
fer from the PWM-L register to the PWM latch. If bit 7 is 
“Q”, the transfer has been completed, if bit 7 is “1”, the 
transfer has not yet begun. | 

The timing diagram of the 14-bit PWM is shown in Figure 
15. The 14-bit PWM divides the data within the PWM latch 
into the lower 6 bits and higher 8 bits. 

A high-level area with a length N times 7 is output every 
short area of t=256 X tT =128us as determined by data N 
of the higher 8 bits. (Refer to PWM output @ in the lower 
part of Figure 15.) 





The contents of the lower 6 bits of data enable the leng- 
thening of the high signal by 7. 

Thus, the time for the high-level area is equal to the time 
set by the higher 8 bits or that plus * . As a result, the 
short-area period t(=128us, approx. 7.8kHz) becomes an 
approximately repetitive period. 

At reset the output of port P5, is in the high impedance 
state and the contents of the PWM register and latch are 
undefined. Note that after setting the PWM register, its data 
is transferred to the latch. 
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Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 














6 lower-order bits of data} Area longer by 7 than that of other tm(m = 0 ~63) 


m=32 

| 000010 | m=16,48 

m=2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
M=1, 3,5, 7) cs 57, 59, 61, 63 
















PWM-L register 
set to 1 (address 00D5,.¢) 


when write 


PWM-H register 
(address 00D4,,) 


14-bit PWM circuit 


Timing 
generator 
for PWM 


(Xin) 4/2 (128s period) 


(4MHz) 
Data bus 


Fig.14 Block diagram of PWM circuit 


ie] bel | [Tbe 


(8192s period) 





black colored 
side when reset 


Pass gate 


_o- Selection gate : Connected to 


P5, latch 
P5,/PWM 


oO 


P5, function 
selection bit 


P5, function 


selection bit » 


P5, direction 
register 
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Data in address 00D4i¢ is # 6Ai6 Data in address 00D4,, is 4 7Bie 
PWM-H 


register __ 59% 7B rc 


Data in address 00D5i¢ 1s # 244, Bit 7 reset after transfer Data in address 00D5;¢ is # 3546 
PWM-L 


Register to latch transfer BSi6 Register to latch transfer 


h 
ae rn 165316 ) 1AA4 6 1AA446 S 1EF5i6 


\__When bit 7 of PWM-L Is “0” register 
T=8192us to latch transfer will not occur 
(64X128us) nes 
t=128us eid ee 


- 


—, 


Te 
—_~ 
ee, 


(Example 1) 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A |6B 6A 
PWM output 
® 
lower 6 bits output 


(When H : 6Ai4e, 5 
L: 244.) 


5 


36 times 6Ai6 
(106) 


6A |I6A6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B [6A 6A 
(Example 2) 


PWM output 


lower 6 bits output 
(When H : 6Aig, 4 3 4 2 4 


L : 1816) 24 times 6Ai6°*:'''40 times ba 106X64+24 


—_— ~ 
ee ae t=128us ~~~ —_ 


-—— (256X0.5us) aes 
Minimum bit resolution width | t =05us 


PWM output }6B| 6A 169 | 68 | 67 ~ 102101 6A 1 691 681 67 | ~ 102101 
@ ADD ADD 


8 bit counter 102101;00|FFIFE:\FDIFC: ~ (97:96:95; ~ ;02:;01:00/FFIFE:FDiIFC; ~ |97)96; 95; 


High/tow-level of the ADD 
section 1s determined by High-level area output, the length 


the data contained in the of which is specified PWM-H 
lower 6 bit 


256 7 (128s) standard 





Fig.15 14-bit PWM timing diagram 
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A-D CONVERTER : 

An 8-bit successive approximation method of A-D conver- 
sion is employed providing a precision of +3LSB. A block 
diagram of the A-D converter is shown in Figure 16. Con- 
version is automatic once it is started with the program. 

The analog inputs are used in common with port P4. Bits 2, 
1 and 0 of the A-D control register (address OODA;,) are 
used to select which pins are used for A-D conversion. The 
input condition is accomplished by setting to “O” the bit in 
the directional register that corresponds to the pin where 
A-D conversion is to take place. Bit 3 of the A-D control 
register is the A-D conversion end bit. During A-D conver- 
sion, this bit is “QO”, and upon completion becomes “1”. 
Thus, it can be ascertained whether A-D conversion has 
been completed or not by inspecting this bit. The relation 
between the contents of the A-D control register and the 
selection of input pins are shown in Figure 17. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00D9,,_ which stores the results of the conversion. 

The procedure for executing A-D conversion is next ex- 
plained. Firstly, the pin that is to be used for the A-D con- 
version is selected by setting bit 2, bit 1 and bit 0 of the A- 
D control register. 


nm 

=z 

< 

~ 

+ 

AVss VrReF a. 
O) ) @ 





Resistance ladder 








O P4¢/ANg 
O P4./ANs; 





Successive approximation register 
(Address 00D9j6) 


Data bus 


Next, clear the A-D conversion end bit to “0”. 

When the above is done, A-D conversion is started. A-D 
conversion completes after 49 clock cycles upon which the 
A-D conversion end bit is set to “1” and the results of the 
conversion can be found in the successive approximation 
register. Since the comparator consists of the capacitive 
coupled configuration, f(Xin) is needed larger than 1MHz 
during A-D conversion. | 


/ 


A-D control register 
(Address 00DAi,6) 


Analog input pin selection bit 
000 : P4)/ANo 
001 : P4,/AN, 
010 : P4,/AN, 
011 : P45/AN3 
100 : P4,/AN, 
101 : P4;/AN, 
110 : P4,/ANg 
111 > P4,/AN, 


A-D conversion end bit 
O : Under conversion 
1° End conversion 





Fig.17 Structure of A-D control register 


+ MO N &f 8 
o-2. = ee 
sev eF 
QaQadadaa 
OO0 0 O 








Comparator and 
control circuit 






A-D 
control register 


(Address O0DA;,) 








Fig.16 Block diagram of A-D converter 
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D-A CONVERTER 

The M37424M8-XXXSP has two 8-bit resolution, R-2R method 
D-A converters and two 5-bit resolution D-A converters. A 
block diagram of the D-A converters is shown in Figure 19. 

If a value is written into one of the D-A conversion registers 
corresponding to these D-A converters, an analog voltage 
equivalent to that digital value is generated by the ladder 
resistors. If the corresponding D-A output enable bit (bit 0 
to bit 3 of the D-A output enable register) is set to “1”, that 
value is output to the corresponding output pin P6,/DA, to 
P67/DA,. In this case, the directional register of that pin 
must be set to “0” to set input mode. 

The relationship between analog voltage and digital value 
is as follows : 


V=Veprer Xn/256(n=0 to 255) ‘ DA, and DA» 
V=Vrer Xn/32(n=0 to 31) : DAgz and DA, 


Where V is the output. voltage, Vrer is the reference vol- 
tage, and n is the value in the D-A conversion register. 


At reset, the P6,/DA; to P67/DA, pins go to high impe- 
dance. D-A output does not have a built-in buffer, so if con- 
necting a low-impedance load, connect an external buffer 
as well. 

The structure of the D-A output enable register is shown in 
Figure. 18. 


D-A output enable register 
(address 00D1,.) 
D-A1 output enable bit 
0: D-A1 output off 
1 : D-A1 output on 
D-A2 output enable bit 


0 : D-A2 output off 


1: D-A2 output on 
D-A3 output enable bit 


0 : D-A3 output off 


1: D-A3 output on 
D-A4 output enable bit 


0 : D-A4 output off 
1 : D-A4 output on 





Fig.18 D-A output enable register 


D-A1 conversion register(8) 


R-2R ladder resistor 


D-A2 conversion register(8) 


Data bus 


R-2R ladder resistor 


P6;/DA2 


D-A3 conversion register(5) 


R-2R ladder resistor 


D-A4 conversion register(5) 


R-2R ladder resistor 


Fig.19 Block diagram of D-A converter 





P6,/DA, 





are ESS 


3—373 


MITSUBISHI MICROCOMPUTERS 


M37424M8-XXXSP 
M37524M4-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





EXTERNAL TRIGGER OUTPUT 

Port P5; operates as the pin Q which outputs the external 
trigger signal. Port P6, operates as the pin T which inputs 
the trigger clock. By setting bit 1 of the special function 
selection register (address OOEE,,) to “1”, the P6,/T/INT, 
pin functions a trigger input pin and P6,, P5; can be used 
as the external trigger function pins. 

In external trigger mode, the value set by the external trig- 
ger output data bit is output to port P5; each time the ac- 
tive edge specified by bits 1 and 7 of the interrupt polarity 
specification register. Combinations of bits 3 and 4 of the 
special function selection register set port P5; to output 
mode as shown in Table 3. If using external trigger output, 
set the P5, directional bit to “O”. At reset, this bit is cleared 
to “QO”. 


ITiD {T1P 


P6,/T/INT, 
© Edge detection a 
circuit 


Table 3. External trigger output 







External trigger 
output data bit 











External trigger output 
direction specify bit 


a ae High-impedance | High-impedance 












Special function selection register 
(address OOEE;,) 


Port P5, function selection bit 
0: 1/0 port 
1 > PWM output 


Port P55 function selection bit 
0: 1/0 port 
1: External trigger output 
External trigger output data bit 
0: “L” output 
1: “H” output 
External trigger output direction specify bit 
0 : High-impedance 
1: Output transistor on 


Fig.20 Structure of special function selection register 


P55 latch 


¥ 
n 


( ) P55/Q 


| | P55 direction specify bit 


Reset 


b7 b0 
[ae aaa a (eH 


Special function selection register( address OOEE;,) 
Data bus 


SF : Special function selection register( address OOEE,¢) 
IT : Interrupt polarity specification register( address 00ED4.) 





Block diagram of external trigger output 
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V PULSE AND Y PULSE GENERATOR 
Port P5g operates as the VPLS pin to output the V pulse 
and port P6, operates as the T pin to input the trigger 
clock. P5g can be used as the V pulse output by setting bit 
5 of the V pulse control register (00D8,,) to “1”. Port P57 
operates as the YPLS pin which outputs the Y pulse. It can 
be used as the Y pulse (VPF signal) output by setting bit 6 
of the V pulse control register to “1”. Effective edge of trig- 
ger input can be selected by setting bits 2 and 3 of V pulse 
control register. Figure 22 shows the block diagram of the 
V pulse, Y pulse generator. Figure 23 shows the timing dia- 
gram of the V pulse and Y pulse. 

At the falling or rising edge of T, the VPP counter starts. By 
the overflow signal of the VPP counter, VPLS goes “H”. By 
the overflow signal of VPP counter, the VPN counter starts. 
By the overflow signal of the VPN counter, VPLS goes “L”. 
When the VPP counter or the VPN counter is counting, bit 4 
of the V pulse control register is “1”. 

The preset value of the VPP conter can be set by the 9-bit 
register with bit 1 of the V pulse control register being the 
most significant bit and the V pulse preset value P 
(00D6,¢) being the low-order eight bits. The preset value 


VLE 


Rising edge 
detection circuit 
P6,/T/INT, 
Falling edge 
detection circuit 


VTE 


of the VPN counter can be set by the 9-bit register with bit 
0 of the V pulse control register being the most significant 
bit and the V pulse preset value N (00D7,.¢) being the low- 
order eight bits. 

Note that values of bits 0 and 1 of the V pulse control regis- 
ter are the current counting values in the VPP counter and 
the VPN counter, not the preset values of the counters. 


V pulse control register 
(address 00D8,,) 
VPN8 : VPLS negative edge 
preset value 
VPP8 : VPLS positive edge 
preset value 
VLE : T input rising edge selection bit 
0: Rising edge invalid 
1: Rising edge valid 
“VTE : T input falling edge selection bit 
0 : Falling edge invalid 
1 : Falling edge valid 
VPF : VPF generation flag 
0 - VPP/VPN counter stop 
1: VPP/VPN counter counting 
VPM : Port P5, function selection bit 
0: 1/O port 
1: VPLS output 
YPM : Port P57 function selection bit 
0: 1/O port 
1: YPLS output 





Fig.22 Structure of V pulse control register 


P57 latch 
ol aw 
R VPF P57/YPLS 
P55 latch 


VPM P5,/VPLS 


[wera 


VPP register(9) 


VPN =e 


VPN = aes | 


Ee bus 





Fig.23 Block diagram of V pulse and Y pulse generator 


ae ES 





3—375 


P6,/T input 


VPP register+-TP1 
VPN registers-TN1 
set 


MITSUBISHI MICROCOMPUTERS 


M37424M8-XXXSP 
M37524M4-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


VPP register+-TP2 VPP register+-TP3 
VPN register+-TN2 VPN register+-TN3 
set set 





Fig.24 Timing diagram of the V pulse and Y pulse 
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WATCHDOG TIMER 

The watchdog timer provides a method of returning to reset 
status if a runaway or other cause prevents a program from 
running a loop normally. 

The watchdog timer is a 15-bit counter consisting of a low- 
er seven bits and an upper eight bits (address OOEF,,). At 
reset or after the watchdog timer is written to, 7FFF,., is set 
in this timer and it starts to count. 

When the MSB reaches “0”, an internal reset is generated. 
Therefore programs should normally be written to ensure 
that the watchdog timer is written to before this bit reaches 


System clock ¢ 


“0”. If address OOEF,, is read, the value in the upper eight 
bits of the counter is read. Directly after a reset, the watch- 
dog timer is stopped. After reset is released, the first write 
to address OOEF, validates the watchdog timer function. 
The count source of the lower seven bits is a signal that is 
the system clock ¢ divided by eight. The count source of 
the upper eight bits can be selected as either the overflow 
signal from the 7-bit counter or a signal that is the system 
clock ¢ divided by eight, depending on the value of bit 3 of 
the CPU mode register (address O00FB,.). 


WDT overflow signal 
WDTH(8) 


3 
Watchdog timer(15) 


Reset circuit 


Internal reset signal 


Fig.25 Block diagram of runaway detection function 





=~ 2usec(f( Xin) =4MHz) 





internal reset signal va 


WDT overflow 





Fig.26 Timing diagram of internal reset signal 
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VO PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS output. 

As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address 00C0j¢. 
Port PO has a directional register (address 00C1,,) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Port P1 

Port P1 has the same function as Port PO. The output 


structure of M37424M8-XXXSP is CMOS output. The ~ 


output structure of M37524M4-XXXSP is N-channel 
open drain output. 

Port P2 

Port P2 has the same function as Port PO. 

Port P3 

Port P3 has the same function as port PO, but it has N- 
channel open drain output. Port P3 can also be used as 
serial |/O and timer output pins. 


(6) 


(7) 


Port P5 

Port P5 has the same function as port PO. Port P5 can 
also be used as INT2~INTs, PWM output, external trig- 
ger output Q and V pulse, Y pulse output pins. 

Port P6 

Port P6 has the same function as port PO. Port P6 can 
also be used as INTo, INT;, trigger clock input T, timer 
I/O and D-A output pins. 





(5) Port P4 
Port P4 has the same function as port PO. P47 through 
P4) can also be used as analog input pins AN7 through 
ANo. 
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Directional register 
Cina ana CMOS tn-state output 
Data bus eed Data register ie 


_ am | | | ©) Port PO, P2 
N 


Port P1(M37424M8-XXXSP) 


3 Directional register aaa 
; CMOS tri-state output 


Sen 


Port P1(M37524M4-XXXSP) 


_ Directional register a 
Eee Data register Bical 


Pee 


Sq 


N-channel open drain output 





Fig.27 Block diagram of ports PO~P6 (1) 
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Port P3o 
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Data bus D | 
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<I 





\ 


Port P3,, P33, P3, 


N-channel open drain output 


() Port P3,, P33, P3, 


Serial I/O output 
Srapy output 


Timer output 


Port P3» 





N-channel open drain output 


C) Port P3, 






Serial clock output —— 
Serial clock input —g- 
Port P3,~ P37 






= Directional register cod 


See 


Cea oe 


4 


N-channel open drain output 


A] Port P8,~ P3, 






Fig.28 Block diagram of ports PO~P6 (2) 
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ae Data register ieee 
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NN 


CMOS tri-state output 


C) Port P4 
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Port P5p~P5s | 






a Directional register cs 
me Data register ie 


= 


CMOS tri-state output 





©) Port P5y~P5, 


Port P5,4, P5e, P57 
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© Port P54, P56, P57 


V pulse output 
Y pulse output 


Port P5z 





CMOS tri-state output 
(_) Port P55 
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| J CMOS tri-state output 


Port P65, P6,, P63 







C2 Directional register | 
Lt Data register Leal 


Lecco ae 


<q 






INTo, INT; 
CNTR, !tnput 


Port P62 










| J CMOS tri-state output 


C) Port P62 


TXM7 


a Directional register ane 5 





Data bus 


Port P6,~P67 






_ Directional register a 
= Data register = 


i ees 
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CMOS tri-state output 


O Port P6,~P6, 


Analog output 


DAONo~DAONS 


Fig.30 Block diagram of ports PO~P6 (4) 
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RESET CIRCUIT 

The M37424M8-XXXSP is reset according to the sequence 
shown in Figure 31. It starts the program from the address 
formed by using the content of address FFFFi, as the high eae 
order address and the content of the address FFFE;, as the RESET Voc 
low order address, when the RESET pin is held at “L” level 
for more than 2us while the power voltage is in the recom- 
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to “H” level. The in- 
ternal initializations following reset are shown in Figure 33. 
An example of the reset circuit is shown in Figure 32. 

When the power on reset is used, the RESET pin must be 
held “L” until the oscillation of X;y-Xoyr becomes stable. 


M37424M8-XXXSP 


M37424M8-XXXSP 


pee: Vee Supply voltage 
Se mee ae detection circuit 





Fig.32 Example of reset circuit 


¢ 


RESET 


SYNC 


Adress 2 OB OD CE) CD Gin Guay 
Dat GD G2 GP GP ER C9 


Reset address from the 
vector table 


Note 1 : Frequency relation of f(Xin)and ¢ 1s f(Xjw)=2° ¢ 
8~12 clock cycles 2 : The mark “?” means that the address 1s changeable 
depending on the previous state 





Fig.31 Timing diagram at reset 
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Port PO directional register 
Port P1 directional register 
Port P2 directional register 
Port P3 directional register 
Port P4 directional register 
Port P5 directional register 
Port P6 directional register 
D-A output enable register 
D-A3 conversion register 
D-A4 conversion register 
V pulse control register 
A-D control register 

D-A1 conversion register 
D-A2 conversion register 
Serial 1/O mode register 
Interrupt polarity specification register 
Special function selection register 
Watchdog timer 

Timer 3 

Timer 4 
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Timer X mode register 
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Interrupt request register 2 
Interrupt control register 1 
Interrupt contro! register 2 
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(F Bye) 
(F Cig) 
(F Dis) 
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Reese 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 36. 
When the WIT instruction is executed, the internal clock ¢ 
stops in the “H” level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. To return from the wait status, the inter- 
rupt enable bit must be set to “1” before executing WIT in- 
struction. 

Since the M37424M8-XXXSP does not have STP instruc- 
tion, the oscillation can not be stopped. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 34. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 35. 
Xin is the input, and Xoyr is Open. 


Interrupt 


request 
Interrupt in 


disable flag | 


Fig.36 Block diagram of the clock generating circuit 








M37424M8-XXXSP 


Xourt 


Fig.34 External ceramic resonator circuit 


M37424M8-XXXSP 


Xin Xout 


External oscillating circuit 





Fig.35 External clock input circuit 


WIT instruction 


a: Internal clock¢ 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mark specification form 

(3) = 1@)\¥, Ie F-1 ¢- Wee eer cree EPROM 38sets 
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M37424M8-XXXSP 
ABSOLUTE MAXIMUM RATINGS 


Vrer Reference voltage —0. 3~Voc+0. 3 


input voltage Xin, RESET, P3y~P37, CNVss 
Input voltage POop~P07, Plo~P17, P29~P2z7, With respect to V 
p g 1) 7, P10 7, Peo 7 p Ss ; . 0: S2Vse4053 V 
P49>~P47, P59~P57, P69~ P67 Output transistors are at “OFF” state 











< 


F Hai 


< 





Output voltage POp~P0;, Plp~P17, P29~P27, 
Vo P4g~~P47, P5p~P57, P69~ P67, 
Xour, 
Power dissipation 


Oo 























Topr 
Tsta 





Operating temperature 


Storage temperature 


RECOMMENDED OPERATING CONDITIONS (Vcc=5v+10%, Ta=—10~70, unless otherwise noted) 


Limits 


Symbol Parameter 
| Min | Typ 

“H” input voltage PQ9~P07, P1p~P17, P29~P2,, 
P3o9~ P37, P4p~P47, P59~P5z, 
P69~ P67, INTo~INTs, CNTRo, 
CNTR, T, RESET, Xin 

“L” input voltage PQo~P07, Plp~P17, P29~P27, 
P39~P37, P4g~P47, P5o9~P5z, 
P69~ P67, INTo~ INTs, 
CNTRo, CNTR;, T 


“L” input voltage RESET 0 P| 
“L” input voltage Xin a ee 


“H” peak output current POp~PO07, P1p~P17, 


< 
Bi 





loH( peak) P29~P27, P4g~P4z, 
P5o~P57, P6gp~P6, (Note 1) 
“H” average output current POQo~P07, Pto~P17, 
lon(avg) P29~P27, P4g~P4z, 
P59~P57, P6p~ P67 (Note 1) 
“L” peak output current POg~P07, Plo~P 17, 
P29~P27, P39~P3r, 
P4p~ P47, P5o~ P57, 
P69~P6, (Note 2) 
“L” average output current POg~P07, P1o~P17, 
P29~P27, P3p~P37, 
P4p~P47, P5y~P57, 
P6o~P6; (Note 2) 
f(Xin) Clock oscillating frequency 


Note 1. The’ total of “H” peak output current of port PO, P1, P2, P4, P5 and P6 ts less than 65mA 
2. The total of “L” peak output current of port PO, P1, P2, P3, P4, P5 and P6 1s less than 65mA 








lo.(peak) 





lo-vavg) 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiy)=4MHz, unless otherwise noted) 


Limits 
Parameter Test conditions 
Typ 
“H” output voltage PO 9~P07, Plo~P17, P29~P27, 
lon=—10MA 
P49~ P4,, P5o~ P5,, P69~ P67 


“L” output voltage POp~P07, Plo~P17, P29~P2z7, 
P4o~ P4,, P59~ P57, P69~ P67 


Hysteresis INTo~INTs, CNTRo, CNTR;, T Use as INTo~INTs, CNTRo, CNTR}, T input | 0.3 
| ting | “H” input current RESET, Xin Vin=5V 
“H” input current POg~P07, P19~P17, P29~P27, 

P4y~P4z7, PSp~P57, P6o~P67 


ht Nib = “H” input current P39~ P37 


Vo- lop =10mA 


te 


0.5 


ase 
os] 


ONION {OTDM RPO Lh 





g 


g 
> 


k 
> 


Ny 
he 
hie “L” input current PQg~P07, P19~P17, P29~P27, 
P49~P47, P59~P57, P69~ P67 
“L” input current P39~ P37 
f (Xin) = 4MHz, output pins opened, input 
Supply current pins at Vss or Vcc, and A-D converter in the 


finished condition 


is 
> 





SS 
owe 

3 

> 





om} oa [on 
is 
> 


A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Tg=25C, f(Xin)=4MHz, unless otherwise noted) 





Limits 




















































Symbol Parameter Test conditions 
Min Typ Max 


Pty [Seuptime —SSSSSS—*d neg 
fia ES 












Reference voltage 





Symbol Parameter Test conditions 


Resolution Vrer= Voc 


Absolute accuracy Vrer= Vcc 


ae Ladder resistor Vrer= Voc 


























Setup time Vrer= Voc 


Reference voltage Voc 
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M37524M4-XXXSP 
ABSOLUTE MAXIMUM RATINGS 


Veo 
Input voltage POg~P07, P29~P27, P4p~P4z, 
P59~ P57, P69 P67 
Output voltage P19~P17, P39~P37 
Output voltage PQ 9~P07, P29 ~P27, P4p~P4z, 
P5o~P57, P6g~P67, Xour, 


Power dissipation Ta=25C 










—0. 3~Voect0. 3 
—0. 3~13 






v 
7 





With respect to Vss 
Output transistors are at “OFF” state 





V 
V 
V 


Vi 
oO 
Vo 
















Symbol Parameter min | typ | Max | 
nse 



































Voc 
“H” input voltage POg~PO07, P19~P17, P29~P2z, 
P39~P37, P4y~P47, P5o~P5y, 
Vin P8y~-Pé, nrc CNTR,, o8Nce wee . 
CNTR, T, RESET, Xin 
“L” input voltage PQo~P07, Plo~P17, P29~P27, 
P3y~P37, P4p~P47, P5p~P5r, 
Vi P6j~PS, ete — Cee se 
CNTRo, CNTR;, T 
Vit “L” input voltage RESET yO |. TOVee | 
“H” peak output current POg~P07, P29~ P27, 





P49~P 4, P59~ P57, 
P69~ P67 (Note 1) 
“H” average output current PQg~P07, P29~P2;, 


lon( peak) 














lon(avg) _ P49~P47, P5o~P5z, 
P69~ P67 (Note 1) 
“L” peak output current PQg~P0Q7, Plo~P'1z, 
P29~P2z7, P39~ P37, 
P4p~P47, P5o~P57, 
P6o~P6; (Note 2) 
“L” average output current POg~P07, P1o~P17, 
P2o~ P27, P30~ P37, 
P49~ P47, P59~ P57, 
P6y)~ P67 (Note 2) 




















lov( peak) 








5 
> 


lo_cavg) 


3 3 
> > 


<= 
< 
N 





f(Xin) 


Note 1. The total of “H” peak output current of port PO, P2, P4, P5 and P6 ts less than 65mA. 
2. The total of “L” peak output current of port PO, P1, P2, P3, P4, PS and P6 is less than 65mA 


Clock oscillating frequency 
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ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 


Symbol 


Vou 


Parameter 





“H” output voltage POg~P07, P29~P27, P49 ~P4z, 
P5o~ P57, P69~ P67 





Vou 








VoL 


“H” output voltage ¢ 
oo 


—— 


Test conditions 


lon=—1 OmA 


a lon= —2.5mA 








Voit 


| “L” output voltage P1p~P17, P39 ~P37 





lo-=10mA 





‘L” output voltage PQ 9~P07, P29~P27, P49 ~P47, 
P59~ P57, P69~ P67 





VoL 


{ 
“L” output voltage ¢ 





lop =10mA 








loL=2. 5mA 





V+—-V— 


Hysteresis X 
j_Myst SIS Xin 





Vi—V= 
V+—-V— 


Lhe 


Hysteresis RESET 
Hysteresis INTo~INTs, CNTR», CNTR;, T 








Use as INTo~INTs, CNTRo, CNTR, T input 








“H” input current RESET, Xin 





Ah Vip=5V 





a 
“H” input current POg~P07, P29~P27, P4g~P4z, 


P5o~ P57, P69~ P67 


Vin=5V 





“H” input current P19~P17, P89 ~P37 





Vinp=12V 








Cc 
= 





in 


<|< ttt 





Pa al oe 
O}N] oO 
<ji< 


ND 
:S 


E: 
Ry AR 
>| > |> 





ine input current RESET, Xin 





yi iL=0V 





| “L" input current POo~P07, P2p~P2z, P4y~P4z, 
P59~P57, P69~ P67 








fo 





ViL=0V 


ai 


iS 
> 








g 
> 





“L” input current P19~P17, P39~P37 





Vip =0V 


[ 





is 
> 





Supply current 


Parameter 


Resolution 
Absolute accuracy 


f (Xin) = 4MHz, output pins opened, input 
pins at Vss or Vcec, and A-D converter in the 
finished condition 


Test conditions 


Vrer= Voc 


Vrer= Voc 





Ruapper | Ladder resistor 


—+- 
Vrer= Voc 





tconv 


Conversion time 





VReF 
Via 





Reference voltage 


~ L 








N 
a 
> 


Limits 
Typ 


+3 LS 
k 


B 
| ka 














Analog input voltage 


Parameter 


Test conditions 





iP Resolution 


———, 





rae 
Vrer= Voc 





Absolute accuracy 


Vrer=V 
REF VCC 





ms 


+ 
Ladder resistor 








Setup time 


ae rer Voc 


Vrer=Voc 
a8 








Max 

25 
Voc V 
VReEF V 














Reference voltage 


Parameter 


Test conditions 











Resolution 





Absolute accuracy 


Vrer=Voc 





Vrer=Voc 





Ladder resistor 


Vrer= Voc 





Setup time 


Vrer=Voc 











Reference voltage 
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DESCRIPTION 

The M37428M4-XXXFP is a single-chip microcomputer de- 
signed with high-speed CMOS silicon gate technology. It is 
housed in an 80-pin shrink plastic molded quad flat 
package. 

This microcontrollers internal architecture and instruction 
set makes it ideal for business and office automation equip- 
ment. In addition to its simple instruction set, the ROM, 
RAM and |/O addresses are placed on the same memory 
map to enable easy programming. 

This microcontroller is also suitable for applications which 
require control of LCD panels. 


FEATURES 
@ Number of basic instructionS::s:o ttt 69 
@ Memory size 
ROM cecccccccetteesce sess eeseeess cece eeeesenee cesses ere cece 8K bytes 
RAM cesscccrecscecce tees stest ccs e cece seeesceeccccsceree ces 384 bytes 
@ Instruction execution time 
(shortest instruction at 8MHZ)-ccrrrr ect tus 
@ Single power supply 
10.4) Et: 1\) 5) See 5V+10% 
f(Xy) =32kHz iddid Cea v a Ruee RewehoaNe 2. BVSVoco<5.5V( Typ.) 


@ Power dissipation 
normal operation mode (at 8MHz) 
b scsi oid wo S tein ieths eritecoie56b'ere-ars wrerewis 4 ale oibteleece 30mW (Voc=5V, Typ.) 
low-speed operation mode(at 32kHz) 
5 eae ba SV ROU Ane ewan meen DAS Taweaieee es 225uW (Voc=5V, Typ.) 
55uW(Vcc=SV, Typ.) 


stop 111016 (- Cec 5uWw (Voc=5V, Max. ) 
@ RAM retention voltage (stop mode) -- 2.0.VSVpam<5.5V 
@ Subroutine nesting mild Coatbaewetde ni tenict pba y aatenasuns ose 96 (max.) 
@ Interrupt sence meee meee teense e eee e eee reeeeeeeres 10 types, 5 vectors 
@ Timers 

8-bit timers with prescalers and reload latches -:-::--- 2 

8-bit timers with reload latches --::*ssrrstrrt eet et tee 3 
@ UART with Baud Rate Generator(8-bit) -----1:-1-s 1 
@ Programmable 1/O ports(Port PO, P1, P2, P3) ---:------ 32 
@ Input ports (Port P4) Pens Ae sedges seeds wesew seeanint Use eta ve eae eens 8 
@ LCD controller/driver(1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output::::--s seer hehe) acewiagelenae tates 32 

common output emcee cero ae near cece see re re eesovesseereesrcasseers 4 


@ Two clock generating circuits 
(One is for main clock, the other is for sub clock) 


APPLICATION 


Utility meter, Home telephone, Multi function telephone 


PIN CONFIGURATION (TOP VIEW) 


ddXXX-vW82rlew 


Outline 80P6N 





164] +> P4,/SEGo4 
+> P4,/SEGos 
+> P4,/SEGo. 
61] +> P4,/SEGo7 
60] +> P4,/SEGos 
55] +> P4./SEGoo 
58] <> P4,/SEG39 
+ P4,/SEG3, 
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M37428M4-XXXFP BLOCK DIAGRAM 


Clock Clock Interrupt Reset 
input output input input 
Xin Xout INT, RESET Voc Vss CNVss 
i) -- - Sree rr RO ae ee 






Ee ne 











Processor Program Program Stack 
rere counter counter pointer 
sehairendd PC,,(8) PC, (8) S (8) 













Instruction 
decoder 


Control signal 






t 

! 

Instruction 
register ' 

i 






Index 
register 


Index 
register 


Prescaler X 
- PREX (8) 


Timer X 
TMX (8) _ 





Timer X 1/O ! 
CNTR 
18) 






SDESSDEDENEDEHED- DOOD U 2D2FLHLILG — ——Q3EPEDGHSTSIIIED-— - 4142434445404 148 — GODEDE2EIE4E560 
neta. COM .. Vir Vis ; , ———— 
Input port P4 Connon ee 1/O port P3 I/O port P2 I/O port P1 I/O port PO 
SEG o~31 output supply = 
Segment output : eb ; : a ee 7 


Note 1 : Program counter PCy, uses only 6 bits 
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FUNCTIONS OF M37428M4-XXXFP 


Instruction execution time lus (shortest instruction at 8MHz) 


Memory size 
P1, P2, P3 \/O 8-bitXx 4 


PO, P1, P2, 
LCD output 4-bitX1 
8-bit timers with prescalers and reload latches X2 


Subroutine nesting 96 (max.) 


Clock generating circuit 


Supply voltage 



















Input/Output port 









LCD controller/driver 










one software interrupt 






Two built-in circuits (ceramic or quartz crystal oscillator) 
5V+10%(at 8MHz) 
2. 8~5. 5V(at 32kHz) 

RAM retention voltage at clock stop is 2~5. 5V 
30mW (typ at 8MHz) 













ZW (typ at 22k) 
SuW (max at 28°) 








Power dissipation 
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PIN DESCRIPTION 
Output 


Vcc; Power supply Connect Vcc to 5V-+10%. Connect Vssg to OV. 
Vss 


RESET RESET input 
1 

















Connect to OV to ensure proper operation in the single-chip mode 


To reset the CPU, keep the RESET input terminal low for at least 24sec under normal Vcc conditions 


Connect a ceramic or crystal oscillator between Xiy and Xourt for clock oscillation If an external clock input 
is used, connect the clock input to the Xiy pin and leave the Xour pin opened 








Interrupt input 


— 


This is the highest priority interrupt input pin (except for RESET). 





Port PO ts an 8-bit I/O port with directional registers allowing each bit to be individually programmed as in- 
put or output. At reset, this port is set as input The I/O port structure is CMOS compatible. 


Port P1 is an 8-bit |/O port with the same function as Port PO 


Port P2 is an 8-bit |/O port with the same function as Port PO. It can also be used as input pins for key-on 
wake up The output is CMOS compatible 






1 
PQo 
P29~P27 | I/O port P2 
P3o 
4o 


0 
P 

- 
P 


Supply voltage for LCD 


COM o~ | Common output 
COMs3 
i 






Port P3 is an 8-bit !/O port with the same function as port PO. P34, P3s, P3g and P37 can operate as RxD, 
TxD, CLK and CTS, respectively, for the UART function P32 can be set to work as an external interrupt tn- 
put pin INT2 P3, and P39 can function aS Xcin and Xcour, respectively, which are the input pins for the low- 
power dissipation mode clock 


Port P4 is an 8-bit input port which can operate as the LCD segment output pins SEG24~SEG3, 
For LCD operation, these pins must be connected to power such that OVSV.,SVieSVi3SVoc 


These are LCD common output pins At 1/2 duty, COM2 and COM; ae used At 1/3 duty, COMsg is not 
used 















Segment output These are LCD segment output pins 





SEGa, 


CNTR Counter I/O This pin ts used together with timer X for event counter, pulse output or PWM mode 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37428 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


RAM 
(192 bytes) 


RAM for LCD 
(16 bytes) 


MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

« RAM 

RAM is used for data storage as well as a stack area. 

¢ ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

e Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


SFR area 


RAM 
(192 bytes) 


ROM 
(8192 bytes) 


Interrupt vector area 


Fig. 1 Memory map 


v 
\ 


Special page for subroutine call 











3—395 


MITSUBISHI MICROCOMPUTERS 


M37428M4-XXXF P 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


00E0,, | Port PO Band rate generator 
00E1,, | Port PO direction register Receive buffer register 


00E2,, | Port P1 - Transmit buffer register 
00E3,, | Port P1 direction register UART status register 


00E4,. UART mode register 
00E5,, | Port P2 direction register UART control register 
00E6,, | Port P3 Timer control register 1 





00E71¢ | Port P3 direction register 
00E8,_ | Port P4 
00E9i¢ Timer 3 - 

QOEA,,¢ | Interrupt source recognition register 1 
QOEB,¢ | Interrupt source recognition register 2 


QOEC,, | System control register Prescaler X 
QOOED;,6} ee —“(—si‘“CssSCSsSCS Timer X 
0 = = Interrupt control register 


OOEF,, | LCD mode register Timer control register 2 





Fig. 2 SFR (Special Function Register) memory map. 
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DESCRIPTION 

The M37409PSS is an EPROM mounted-type microcompu- 
ter which utilizes CMOS technology, and is designed for 
developing programs for single-chip 8-bit microcomputers 
the M37409M2-XXXSP. It is housed in a piggyback-type 
52-pin shrink DIP. 

There is a 28-pin socket on the package for the M5L2764K 
or the M5L27128K EPROM. 

The M37409PSS simplifies the development of programs for 
the M37409M2-XXXSP, and is excellent for making proto- 
types. 

Therefore the M37409PSS can be used for the develop- 
ment of programs for the M37409M2-XXXSP. 


PIN CONFIGURATION (TOP VIEW) 


FEATURES 

@ Differences with the M37409M2-XXXSP are: 

(1) ROMless, EPROM is attached externally. 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 


APPLICATION 


Development of programs for the following systems; 
® Office automation equipment 


Voc 


address bus 


Read control signal RD— 
Chip select cs—> 


Data bus 


UART clock CLK — 
CNVss 

Reset tnput RESET _ 

Clock input Xin > 

Clock output Xout *— 


Timing output p— 





28-pin socket for 
EPROM 


® Vec 
1® @® 
lo@ 
| © @ 
1©@® 
lo@ 
la@ 
| @ 
1O@ 
|o@ 
'® @ 
hen 
|e @ 
' @ Vss 


L ~ —_ —+ TxD. Transmit output 


M37409PSS 


+> PO) 
+> PO, 
+> PO, 
+ P05 
+> PO, 
+> POs 
+> PO, 
+> PO, 
+ PI, 
+ Pi, 
+ PI, 
+ Pi, 
- Pl, 
+ Pl, 
++ Pl, 
+> Pl, 
++ CTS 3 Transmit control input 


1/O port PO 


1/0 port P1 


+ RxDz3 Recewe input 
— TxD3 Transmit output 
- CTS. Transmit control input 


+ R,D2 Receive input 
++ CTS, Transmit control input 


+— RxD, Receive input 


— T,D, Transmit output 


Outline 52S1M 


The symbol “©” indicates sockets for EPROM 





MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37409PSS 


PIGGYBACK for M37409M2-XXXSP 





PIN DESCRIPTION 























Functions 









Power supply inputs 5V+5% to Vcc, and OV to Vss. 


This is usually connected to Vss 


- == 
in 





To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions.) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 


quartz crystal oscillator is connected between the Xjy and Xourt pins If an external clock is used, the clock 
source should be connected the Xin pin and the Xour pin should be left open. 


POo~PO; | 10 port Po 7 


UART transfer output 


Port PO is an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 
input or output. 

This port is connected to the system bus only, and can not be accessesd from the local bus At reset this 
port becomes input mode. The output structure is CMOS output 






Port P1 is an 8-bit |/O port and has basically the same function as port PO This port is connected to the 
local bus and can be used as only input port from the system bus. The output structure 1s CMOS output. 


Output These are UART transfer data output pins 


UART receive input 


These are UART receive data input pins 


UART transfer 
control input 


These are UART transfer control signal input pins and can be used as I/O port which have basically same 
function as port P1 


UART clock input — This port is an external clock input pin for baud rate 





Address input This port is input for system address 
Data input/output This port is input or output the system data 


Chip select System data can be read or written by inputting “L” to this port 








Memory or register data specified by Ag~A7 is read from Do~D7 by inputting “L” to this port 


WR Write control input input | Data input from Do~D7 is written to memory or register specified by Aop~A7z by inputting “L” to this port 


@) 


Co) ~ @12) Output port A These are for addresses to an EPROM mounted on the package. 
~ (7) Input port D These are for input data from an EPROM mounted on the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37409PSS and the M37409M2 
-XXXSP are noted below. The following explanations apply 
to the M37409PSS. Specification variations for other chips 
are noted accordingly. 


RAM 
(128 bytes) 


Access 
flag 


Dual-port RAM 
(192 bytes) 


ROM 
(6144 bytes) 


Interrupt vector area 


Address area apply to local bus 


Fig.1 Memory map 





MEMORY 

The M37409PSS is mounted an EPROM instead of an ex- 
ternal ROM. 

The address of an EPROM is 0800;,¢ ~ 1FFFi.¢, and this 
memory size is 6144 bytes. Other than these, the 
M37409PSS has the same function as the M37409M2- 
XXXSP. 


PRECATION FOR - USE 
(1) In case of the M5L2764K EPROM use the following 
areas (refer to Figure 1). 
@ For use the M37409M2-XXXSP, usable ROM area 
is 1000;g~1FFFi.. 
MSL2764K ovr verter eter addresses 1000,5~1FFFi¢ 
MSL27 128K tet tetrnr sterner ens addresses 3000,5~3FFFi¢ 


Dual-port RAM 
Access flag 


Port PO directional 
register 


IPC mode register 0/ 
IPC error register 0 


IPC mode register 1/ 
IPC error register 1 


IPC mode register 2/ 
IPC error register 2 


IPC mode register 3/ 
IPC error register 3 


Collision detect register 
IPC semaphore register 


Address area apply to system bus 


Special 
page for 
subroutine 
call 





ae SR 
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a . 


Cael 


ene an | 


Fig. 2 SFR (Special Function Register) memory map 
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ABSOLUTE MAXIMUM RATINGS 


Vec Supply voltage 
Vv Input voltage Xin, RESET, (oo) ~ (07) 


Input voltage POg~P07, P1i9~P17, Do~D7, Ap~Az, 
RD, WR, CS, CLK, RxD;~RxD3, 

CTS,~CTS3 
Input voltage CNVss 
Output voltage POp~P07, P19~P17, Xourt, 4, 
Do~D7, TxD;~TxD3, CTS;~CTSs, 
Go)~ G19) 


Power dissipation 


Topr Operating temperature 


Tsta Storage temperature 


Symbol 
























With respect to Vss 
Output transistors cut-off 
















6) 










Symbol Parameter 








Supply voltage 
“H” input voltage Xin, RESET, CLK, P0o~P07, P1o~P1z, 
Vin —— 0. 8BVcc 
RxD;~R,xD3, CTS;~CTS3 
“H” input voltage Ap~A7, Do~D7, RD, WR, CS 2 i, 
“H” input voltage (©o)~(b7) 0. 45Vccl si 
“L” input voltage PO)>~PO;, P1p~P17, CLK, = 
ViL ee 0:3 
RxD ;~RxD3, CTS; ~CTS3 
Vir» “L” input voltage Ag~A7, Do~D7, RD, WR, CS ==0:;3 | | 0.8 | 
Vit “L” input voltage RESET —0.3 | 0. 12M 
“L” input voltage Xin —0. 3 | 0. 16Vce 
“L” output voltage (©o)~(7) 0 | (0. 15Voe 
low “H” output current POg~P0;, Plo~P17, 6, | 10 
TxDy~T,D3, CTS1~CTSs3 
“H” output current Do~D7 P| 
i “L” output current PQo~ P07, Plo~P17, a oo 
ty TxD;~TxD3, CTSi~CTS3 
lot “L” output current Do~D7 | 








Note 1: Average output current lo. (avg) and loniavg) are the average value of a period of 100ms 
2 : Total of “L” output current Io,, of ports PO, P1, T,D;~T,D3 and CTS;~CTS3 1s —50mA max 
Total of “H” output current lox, of port PO, P1, Tx,D;~T,D3 and CTS;~CTSs3 1s 50mMA max 














ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiw)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
Typ 
“H” output voltage PQo~P07, P19~P17, ¢ 
V lon=—10mA 
p TxD1~TxD3, CTSi~CTSs = 


“H” output voltage Do~D7 


Vv “L” output voltage PQ o~P07, Plo~P17, ¢ 
oo TxDi~TxD3, CTS}~CTS, 











Vo “L.” output voltage Do~D7 lop=1.6mA 
Input leak current Ago~A7, RD, WR, CS, CLK VssSViS< Veo 








Tri-state leak current PQ9~P0;7, P19~Pt7, 
Do~ Dy, CTS;~CTS3 
Hysteresis RESET, CLK, RxD;~RxD3, CTS;~CTS3 


Vsst0. 5 SVo s Voc—0. 5V 








| i, _ | Input leak current RESET, Xin VssSViS7V 
loz 
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DESCRIPTION 

The M37415PFS is an EPROM mounted-type microcompu- 
ter which utilizes CMOS technology, and is designed for 
developing programs for single-chip, 8-bit microcomputer 
M37415M4-XXXFP. It is housed in a piggyback-type 80-pin 
QFP. 

There is a 32-pin socket on the package. 
The M37415PFS simplifies the development of programs 
_ for the M37415M4-XXXFP and is excellent for making pro- 
totypes. 


PIN CONFIGURATION (TOP VIEW) 


SEG, 
SEG? + 
SEG, 
SEG, + | 4| 
SEG, <— 
SEG3 «— | 6 | 
SEG2 = 
SEG, — | 8 | 
SEG) + [3] 
COM; 10) 
COM. << 11] 
COM, 
COM) + 
Vi D4] 

Vrer > 
Tone — 
Vec 
CNTR + [18] 
P37/Srpy 
P35/CLK 
P35/Sour ** 
P34/Sin 
P33/T +> 
P3./INT2 +> 


SAdSILPLEW 


FEATURES 
@ Diffierence with the M37415M4-XXXFP are: 
ROMless, EPROM is attached externally. 


APPLICATION 
Development of programs for home telephone, multi func- 
tion telephone 


ea] ++ P45/SEGog 
> P4,/SEGos 
+> P4,/SEGog 
el] ++ P4g/SEG2, 
60| > P44/SEGog 
3} +> P4./SEGa9 
8} <> P4,/SE Gao 
7] +» P4;/SEGa, 
6} +> PQo 
5] +> PO, 
4| +> PO, 
3} + PO, 
2] ++ PO, 
i] +> POs 
O| PO. 
3} +> PQ, 
+ Pt, 
7] > Pt, 
6} +> PI, 
+ Pt, 
PL, 
3] +> Pt, 
Pl, 
> P17 


Outline 80S6M 
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The symbol “©” indicates sockets for EPROM 
NC No connection. 
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PIN DESCRIPTION 


Input/ 
Functions 
Output 


Supply voltage input Power supply inputs 5V+10% to Voc and OV to Vgs. 


_ === 


TAT | merwor et | oat 


a 


1/O port P1 v0 | Port P1 is an 8-bit 1/O port and has basically the same functions as port PO. 
1/O port P2 p vO Port P2 1s an 8-bit I/O port and has basically the same functions as port PO 


_ a 


Input port P4 Input Port P4 is an 8-bit input port and can be used as segment output pins 
ame Voltage input for LCD input | This 1s a voltage input pin for LCD Supply voltage is OVSV_SVcc OV~V\y is supplied to LCD. 


COMo~ _ | Common output 
COM3 


SEGo~ Segment output Output 
SEGo3 


CNTR Counter I/O This 1s an output pin for timer 4 and 5 It can be measured input voltage level 
Vrer D-A convert power 
supply for DTMF 
DTMF output F outpat This is DTMF output pin. 


Output port A Output These are for addresses to an EPROM mounted on the package 
Input port D These are for input data from the EPROM mounted on the package 











To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time. 





These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xj and Xour pins. If an external 
clock ts used, the clock source should be connected the Xi pin and the Xour pin should be left open. 



























This is the highest order tnterrupt input pin. It can be measured input voltage level 







Port PO is an 8-bit |/O port with directional register allowing each {/O bit to be individually programmed as 
input or output At reset, this port is set to input mode The output structure is CMOS output 


Port P3 ts an 8-bit 1/O port and has basically the same functions as port PO When serial I/O is used, P37, 
P35, P35, and P34 work as Srapy, CLK, Sout, and ae pins, respectively Also P33, P32, P3,, and P39 work as 
timer 3 overflow signal divided by 2 output pin ( ), INT> pin, Xcin and Xcour pins, respectively 









These are the LCD common output pins At 1/2 duty, COM2 and COM3 pins are not use At 1/3 duty, COM3 
pin is not used 











These are LCD segment output pins 





Reference voltage input for A-D converter of DTMF 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37415PFS and _ the 
M37415M4-XXXFP are noted below. The following explana- 
tions apply to the M37415PFS. Specification variations for 
other chips are noted accordingly. 


MEMORY 

The M37415PFS is mounted an EPROM instead of an inter- 
nal ROM. The address of an EPROM is from 1000,, to 
3FFFi¢, and this memory size is 12288 bytes. The memory 
size of a RAM is 512 bytes as same as the M37415M4- 
XXXFP. 


RAM 
(128 bytes) 


RAM for LCD 
(16 bytes) 


00D0 46 
O0ODF 16 


RAM 
(384 bytes) 


External ROM 
(12288 bytes) 


Zero page 


Special 
page 
for 
subroutine 
Call 





Interrupt vector area 


Fig.1 Memory map 
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Fig. 2 SFR (Special Function Register) memory map 
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PRECAUTION FOR USE (2) The M37415PFS has no options as the M37415M4- 
(1) When developing programs with the M37415PFS, care- XXXFP. The condition of ports PO~P3 and CNTR is 
fully consider the ROM capacity of the M37415M4- noted below. 
XXXFP. PO~P3,-GNTR **s+229 4828999 without the pull-up transistor 
Use the ROM area from 2000, to 3FFF 46. PSE Sou ree eens N-channel open drain output 


(3) The way of mounting an EPROM is shown in Figure 3. 


EPROM 
270128, 27C256 


M37415PFS 





Fig.3 How to mount an EPROM 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
PM Supply voltage for LCD V, —0.3~Vect0. 3 
: 7 


Voc WY 

Vi 
Input voltage POg~P07, Plp~P17, P29~P27, —0. 3~Vac+0. 3 
| P3p9~ P37, SEGo4~ SEGa1, Xin ee 

Input voltage INT;, CNVss, Vrer — 
| 

Vo =), 3~Voct+0. 3 

Xout Vv 

Vo 


V 

V 

V V 

V V 

V Input voltage RESET, CNTR V 
Output voltage PO9~P07, P19~P17, P2o~P2z7, 

V 


P39~P37, COMp~COM3, SEGo~SEGa1, 
Tape | Operating temperature aan eae aun GUIS 
Pg enue ed ee 
























-=0, 3-13 








With respect to Vss 










< 











o 





RECOMMENDED OPERATING CONDITIONS (Vcc=3. 0(Note 1)~5. 5V, Vss= 0 V, Ta=—10~70C, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions. 
ee ree Typ 
(Xin) =3. 2MHz 
- eT en f(X)=32MHZ 
cc pply g : . f( Xin) =800kKHz 3, 0(Note 1) 
Supply voltage for DTMF RL=20k9. 
Vin 
Vin 
P33~P3, (Note 4 ), P4g~P4z, 


“H” input voltage POg~P07, P1p~P17, 
P39, P3, (Note 3 ), 
P33~ P37 (Note 4 ), P4g~P4y, 
RESET, Xin, CNVsg 
CNVss 


0.7Vcc 
“H” input voltage P29>~P27, P32, P3. (Note 5 ) 
-8Vcc 
o “L” input voltage P29~P27, P32, P3. (Note 5 ), 
is INT;, CNTR 





O;1o < 
WwW 0 oy wn} on 
(oy) (os) = . 
(o) [oo) Oo De) oO ion 
or 


Unit 









Vv 


(9) 





INT,, CNTR Veco 







“L” input voltage PO >~P07, Plo~P1z, 


P39, P3, (Note 3 ), 0. 3V 
- 3Vcc 








0. 2Vcc 


Vit “L” input voltage RESET 

Vit “L” input voltage Xin 

“H” Output current PQg~P07, P19~P17, P29~P2;, 

P3o~P37 (Note 6 ), Xour 

“L” peak output current PQg~P07, P19o~P17, P29~P27, 

P3g~P3,, CNTR, Xour(Note 7 ) 

“L” average output current POg~P07, P19~P17, 
P29~P27, P39~P3;, 


Voco=4. 5~5, 5V 380 

f(Xin) Clock oscillating frequency (Note 9 ) = __ 380_| 
Voc=3. 0(Note 1)~5. 5V 

f(Xcin)__| Clock oscillating frequency for clock function ee eee eee ee ee 


Note 1 ° Minimum value of Vcc is dependent on the EPROM used. At normal temperature, this value is about 2. 5V. Therefore, 3. 0V is dependent on 
the proper operation of the EPROM at that voltage 


-12Vec 
. 16Vocc 


< 








> 

















ro) 
> 


lou(peak) 


> 


lo-vavg) 


w 
x 
<r 
N 






1000 





2 : When only operating the RAM data retention, minimum value of Vcc is 2V 

3: When using port P3, as Xcin; 0. 85SVecSVin=Vec: 0 <Vi_S0. 15Vco for port P3, 

4 : In this case of using port P3, as normal input 

5 *: In this case of using port P3, as CLK input 

6 *: The total of loy of port PO, P1, P2, P3 and Xoyr should be 35mA max 

7: The total of lo, (peak) of port PO, P1, P2, P3 should be 55mA max, and the total of Io, (peak) of port P38, CNTR, and Xour should be 45mA 
max : 

8 : lot (avg) is the average current in 100ms 

9  : When using DTMF function, f(Xiy) should be 400kHz, 800kHz, 1. 6MHz, or 3. 2MHz 
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ELECTRICAL CHARACTERICS (Vss=0V, Ta=—10~70°, unless otherwise noted) ; 


| 
Symbol Parameter Test conditions [min | Typ 


“H” output voltage P0y~P07, P1p~P17, P2p~P2z, Voo=5V, lon=—2mA 


: meee es 
OH P39~P3,(Note 1 ), P36, P37 Veo™=3V, lon=—0. 7MA 7 ee ee 
as 





Voc=5V, lon=—1 .5mA 





Von “H” output voltage Xout 





































































































































































































3 
Voec=3V, lon=—0. 3mA 
. “L” output voltage POy~PO;, P1o~P17, P2o~P2r, Veo=5V, lor=10mA ae ae ee _ 
OL P39~P3,(Note 1), CNTR Voc=3V, lo. =3mA aa 1 
Voc=5V, loL=1. 5mA a 2 
V “L” output voltage X 
OL P g ovr Veco=3V, loL=0. 3mA 
Vr4—Vy— | Hyst INT;, CNTR veces eee 
—Vy— steresis ; 
. ne = When used as Voc=5V , 0.5 y 
—Vr— steresis 
Tae aes : CLK input | Voc=3V 0.4 
V y ‘ives en When used as Voc=5V 0.7 7 
—V-_ steresis 
ig t 7 ; i Xcin input Voc=3V 023 
Vec™=5V LE 0.5 ir 
Vy++—Vr~— | Hysteresis P29~P27, P32 = pri aa - 4 Vv 
| Veo=3V : ali _| 4 L 
ae Vec™=5V _| 0.5 0. 7 
Vr+—Vry— | Hysteresis RESET - i Vv 
Voc=3V } gl 0. 35 
V V Hyst x =A Voc=5V 0. 5 V 
—Vr_ steresis 
as e ” Voc=3V 0. 35 
“L” input current SEG24~SEG3, (except reset state) Voc™=5V | 5 
{[POg~P07, P1o~P17, P29~P27, P395~P37} | v,.=0V 
Ihe without pull-up Tr INT, RESET, Xin Voo=3V ee 
—4 
V.=0V 
Voc=5V, VL=5V, V;=0V —30 —140 
he “L” input current SEGo,~SEGa; (at reset state) ce = ! — 7 £A 
Voc=3V, VL=3V, V,=0V —6 e) —45 i. 
“H” input current SEGo,~SEG3; (except reset state) Vec™=5V 5 
PQo~PO0,, Plo~P17, P29~P27, V,;=5V 
P39~P3z, INT;, RESET, Xin Voo=3V | inl y es 
4 
| Mi=3V Me, ane 
Voc=5V, ViL=5V, Vi=5V 5 
re “H” input current SEGo,~SEGa3; (at reset state) + a ie ae uA 
Voc=3V, VL=3V, V,;=3V ; 4 
[ at DTMF wave form 4 
f( Xin) =3. 2MHz output 
Voc™=5V at DTMF wave form le 3 
stop rn 
m 
£ at DTMF wave form 0.8 
£ (Xin) =800kKMHz | output , 
Output pins are opened. 21 Voc=3V at DTMF wave form 0.5 
RESET, PO09~P0,, @ | stop ‘ 
P1o~P17, P29~P2z, + Tanase Voc=5V 45 
AS Xin=0V 
and P39~P3; are (Kon) =32. kHz uA 
t 
enieena te Yes Ae > Niaaey 18 
| Supply current ASE DEMIS abeve: PINs = 
me are connected to Vgs. f(Xin) =3. 2MHz, Voc=5V 1 se 
However, Xin and Xcin 2 (Xin) =800kHz, Voc=3V 0.3 
are In w : 
put sional according = Tq=25C 
to the conditions © | Xin=OV 
= | f(Xcin) =32 8kHz 
Without supply %% | at low power mode 
current for EPROM KEMe=l 
Cc 
= #(Xin) =0 
3 f(Xcin) =0 
RAM retention voltage (Xin) =0, (Xow) =0 
Note 1 : If P39 is used as Xcour, capability of load driving is lower than the above 
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DTMF CHARACTERISTICS (Vgs=0V, Ta=—10~70C, unless otherwise noted) 


High frequency band group 
Vot Output voltage Tone 
: 


Limits 






NO 
CO 
Ww 


T 

0 

7 2 
mVrms 

5 3 


Ww 
o 
on 


yp 
70 
45 
190 





ceed 
W | 


Low frequency band group 
Voc=3V Vrer=2 5V R.=20kN 177 


203 
Output ratio of high frequency band to low frequency band | R_=20k0 1 35 | gB | 







Disportional percentage RL=20kN, Tag=25C Be es 2 


Accuracy of DTMF output (at low frequency band value) 


604, 4 
854.7 , 
of 






Accuracy of DTMF output (at high frequency band value) 
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DESCRIPTION | FEATURES 

The M37421P-000SS and the M37421P-001SS are EPROM @ Differences with the M37421M6 are: 

mounted-type microcomputers which utilizes CMOS tech- (1) ROMless, EPROM is attached externally. 

nology, and is designed for developing programs for single- (2) Suitable EPROM is the M5L27128K or the M5L27256K. 
chip 8-bit microcomputer the M37421M6-XXXSP. It is 


housed in a piggyback-type 64-pin shrink DIP. APPLICATION 
There is a 28-pin socket on the package for the Development of programs for VCR, tuners, and audio-visual 
M5L27128K or the M5L27256K EPROM. equipment 


The M37421P-000SS and the M37421P-001SS simplify the 
development of programs for the M37421M6-XXXSP and is 
excellent for making prototypes. 


PIN CONFIGURATION (TOP VIEW) 


—> P49 
= P4, 
_ P4, 
\/O port P6 28-pin socket for EPROM — P4, 
— P4, 
—-—-—_ =. ae pu =, P4, 
— (rammed ' 

1Q) Vee Voc | =? Pac 
rand P4, 

IOA v 
@ Ar co BD — PO, 


|© A; Ai3 @ | — PO, 


1/O port P2 1@) Ae A, ® | — PO, 


High-voltage output port P4 


—- P03 

| 6) As Ag > PO, High-voltage output port PO 

| © Ag Ay @3) | Sees 

| —> POs 

P37/Sroy <— ! ® As Vss @2) | —» PO, 
P36/CLK + | Ao oe @ | —+ Pio 
P35/Sour —> Pi, 
P34/Sin '@ Ai Vss QO) + PI, 
=~ P13 


! 
1/O port P3 
P33/ANin + Ao D, 
Ds | + Pt, 


High-voltage output port P1 


P35 - Ds ) = PT 6 
P53/INT, = <n Pt, 
P52/INT2 > re | — P5o 

CNVss — PS, 
Reset input RESET — | Vp Pull-down voltage input 
Clock input += P54 


Clock output Xout APOE 
Clock input for timer Xcin > — PS POUL POE ES 
Clock output for timer Xcout *~ M37421P-000SS + P5, 
Vss M37421 P-001 SS —>¢ Timing output 


| 
Input port P5 
High-voiltage output port P5 


Outline 64S1M 


The symbol “©” indicates sockets for EPROM 
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PIN DESCRIPTION 


Input/ 


Functions 
Output 


Supply voltage Power supply inputs 5V5% to Vcc, and OV to Vss 








a This is usually connected to Vss 
Input This ts the input voltage pin for the pull-down transistor of ports PO, P1, P4, P59 and P5, 


Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions ) If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should be main- 
tained for the required time 














RESET Reset input 


Xin Clock input 


Clock output 


oo) Timing output This ts the timing output pin. ¢=2MHz (when Xiy=4MHz) 


Output 








This chip has an internal clock generating circuit 

To control generating frequency, an external ceramic or a quartz crystal oscillator is connected between 
the Xin and Xour pins If an external clock is used, the clock source should be connected the Xn pin and 
the Xour pin should be left open. 























Clock input for 
clock function 


This is the !/O pins of the clock generating circuit for the clock function To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xcin and Xcour pins If an exter- 
nal clock is used, the clock source should be connected to the Xcn pin, and the Xcour pin should be left 
open This clock can be used as a program controlled the system clock 








Clock output for 
clock function 


Xcout 







Output port PO Port PO ts an 8-bit output port Output structure ts high-voltage P-channel open drain A pull-down transistor 
is built in between the Vp pin and this port 


At reset, this port is set to a “L” level 


P15~P17 | Output port P1 Output Port P1 1s an 8-bit output port and has basically the same functions as port PO 














Port P2 ts an 8-bit I|/O port with directional registers adowing each |/O bit to be individually programmed as 
input or output At reset, this port 1s set to input mode. 
The output structure is N-channel open drain 








P39~P3, | I/O port P3 


Port P3 is an 8-bit 1/O port and has basically the same functions as port P2 When serial I/O ts used, P37, 


P35, P35, and P34, work aS Srpy CLK, Sout, and Sin pins, respectively 


— 










Output port P4 


Output Port P4 is an 8-bit output port and has basically the same functions as port PO 
Output Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO 


Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs 


Bit 4~7 of port P5 are 4-bit input port 


Port P6 is a 6-bit !/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS tri-state output P69, P6;, P62, P63 can be programmed to 
function as timer output pin (T), PWM output pins (PWM1, PWM2, and PWM3), respectively 


Output port A Output These are for addresses to an EPROM mounted on the package : 
Input port D input | These are for input data from an EPROM mounted on the package 





Output port P5 








P52/INTo, 
P53/INT4 


Input port P5 


















1/O port P6 1/0 
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EXPLANATION OF FUNCTION BLOCK 


OPERATION 

The differences between the M37421P-000SS, _ the 
M37421P-001SS and the M37421M6-XXXSP are noted be- 
low. The following explanations apply to the M37421P- 
O0OOSS and the M37421P-001SS. 

Specification variations for other chips are noted accor- 
dingly. 


RAM 
(192 bytes) 


MEMORY 

The M37421P-000SS and the M37421P-001SS are mounted 
an EPROM instead of an internal ROM. 

RAM size is 512 bytes, and addresses 01001, to 023F 1, are 
used for the stack. 

The address of an EPROM is 8000,g ~ FFFFi.¢, and this 
memory size is 32K bytes. Other than these, the M37421P- 
OO0SS and the M37421P-001SS have the same functions as 
the M37421M6-XXXSP has. 


Zero page 


RAM 
(320 bytes) 


ROM 
(32K bytes) 


Interrupt vector area 


Fig.1 Memory map 





Special 
page for 
subroutine 
Call 
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Port P2 directional register 
Port P3 


Port P3 directional register 


Port P6 directional register 





Fig. 2 SFR (Special Function Register) memory map 


RESET MODE 

With the M37421M6-XXXSP, one of the two modes can be 
selected: the normal operation start mode which executes 
reset by normal operation (f(Xiy) =4.2MHz) and the low- 
speed operation start mode which executes reset by low- 
speed operation (f(Xojn) =3.2kKHz). 

Therefore, two types of piggybacks are provided: 


(1) 


M37421P-000SS 

With this piggyback, pin ¢ is set to the internal reset 
signal output and the reset mode option to the normal 
operation start mode. 

M37421P-001SS 

With this piggyback, pin ¢ is set to the internal reset 
signal output and the reset mode option to the low- 
speed operation start mode. 


are SRE 





MITSUBISHI MICROCOMPUTERS 


M37421P-000SS 
M37421P-001SS 


PIGGYBACK for M37421M6-XXXSP 


PWM output mode register 


Serial 1/O mode register 
Serial |/O register 
Serial 1/O register 2 
Interrupt control register 
Timer control register 





PRECAUTION FOR USE 


(1) 


In case of the M5L27128K or the M5L27256K EPROM 
use the following areas (refer to Figure 1): 
@ For the M37421M6-XXXSP, usable ROM area are 


D000,¢.~ FFFF 46. 
MSL271 28K rrr eee addresses 1000;5~3FFFi¢ 
MSL27256K vs vrerrrrr reer addresses 5000;g~/7FFFi¢ 


In case of the development of programs by the 
M37421P-000SS or M37421P-001SS, RAM area for the 
stack: 


M37421 M6-XXXSP °oe addresses 0100,5.~017F i. 
M37421P-000SS or 
M37421P-001SS sorter addresses 0100;5.~023F 1.6 
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ABSOLUTE MAXIMUM RATINGS 






Parameter 





Input voltage, P33, P6p~~ P65 


| Vi, _| Input voltage, P54~P5, 
| Vo _| Output voltage, P2o~P27, P3>~P32, P3y~P3; 


Output voltage, P6g~P6s5, Xout, Xcour, %, P33 


Output voltage, POo~P07, Pto~P17, P49~P47, P5o, P5, 





t 


Operating temperature 


Storage temperature 





Output transistors cut-off 


=0.5~7 
Voo=40—Vee¥0.5 
Input voltage, P29>~P27, P89~P32, P34~P37, 
CNVss, P52/INTo, P5g/INT Bein 
Ss; 2 2 3 1 

Input voltage, RESET, Xi, Xow With respect to Vsg —0.3~7 

Vi 

Vo 


Power dissipation Ta = 25" 


=, 3~Voeco +0. 3 
0.3615 
—0.3-~13 

—0. 3~Vec+0. 3 

Voo—40~Vec +0. 3 


1000 


cece a) < 


RECOMMENDED OPERATING CONDITIONS (vcc=5V+5%, Ta=—10~70, unless otherwise noted) 









[Veo [Sunpiyvotage———SSCSC~“‘“~*S*~*~r CT 
P52/INT»2, P53/INT;, P69 P65 

Ve 

04 


“L” input voltage P29>~P27, P39~P37, CNVss, 


Ny 


P52/INT2, P53/INT;, P6p~ P65 
“L” input voltage RESET 
“L” input voltage Xin, Xcin 
“H” sum output current POgo~P07, Plp~P17, P4o~P4;, 
P59, P5, 
“H” sum output current P69~P65 
“L” sum output current P29>~P27, P39~P37, P6g~ P65 


“H” peak output current PQo~PO, 


eS 
oO 
~“ 
Or 





Vcc 
loun(sum) 
lou(sum) 


lon( peak) 
loH( peak) 














“H” peak output current PO0s~P07, Plo~P17 





“H” peak output current P6p~P6;5 
“L” peak output current P29~P27, P389~P37 
“L” peak output current P69)~ P65 
“H” average output current PQg~P07, P19~~P17 
“H” average output current P4p~P47, P5o, P5, 
“H” average output current P69~P65 
“L” average output current P29~P27, P39 ~P37 
“L” average output current P69~P6s5 

Timer 3 counter clock input 
oscillation frequency (Note 2) 


f(Xin) Clock input oscillating frequency (Note2, 3, 5) 
} f(Xoin) Clock oscillating frequency for clock function 

















Symbol Parameter ‘ 
Min Typ 


“H” peak output current P49~P47, P59, P5, 





5 


< 


o! 
NO 
1 
< j|<|<i< 


cc 





< 
Q 
0 


Voc 


Vcc 
0. 25Vcc 


0.12Voec 
0. 16Vo¢ 
0.12Vec 


== 1 20 


=| 
> 


heel 
OoO;o0/o 
313 
>| > 


ts 
>|> 


| 
Ww 
io) 


| 
N 
3 


A 


WwW 





=| 
> 





Jl 
on 
B 
> > 


O01; N | CO} ® 


; 
> 


ui 
ola|~ 
>| > (> 





Note 1 High-level input voltage of up to +12V may be applied to permissible for ports P29>~P27, P39~ 
P32, P384~P37, CNVgs, and P5.~P57 
2: Oscillation frequency ts at 50% duty cycle 
3 : When used in the low-speed mode, the timer clock input frequency should be f(Xiny) < f(Xin)/3 
4 : When external clock input is used, the timer clock input frequency should be f(Xcin) S 50kHz 
5 : The average output current loi(avg) and lon(avg) are in period of 100ms. 
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ELECTRICAL CHARACTERISTICS (Voc = 5VE5%, Veg = OV, Ta = 25°C, f(Xin) = 4MHz, unless otherwise noted) 














fom [ eee | 
“H” output voltage P6y~Pés Flow=—0.5mA Moo} || 
| Von _| “H’outputvotage @ to SMA Mo} || 
"L” output voltage P6y~P6s flo=05ma CTT 
“L” output voltage a G2 
Vie Ven | Hysteresis PS/INTA PENT, ——SSSC~“‘*srS*C*C“‘“‘SSNCN#N“N#NNNNNN NO || St | 
| Vr+—Vr-| Hysteresis RESET = | Ci“‘“C;S™SC;C*SLCOUO(C*dL CWE Tc | UV 
| Vr+—Vr— | Hysteresis P35 | WhenusedasclKinput =——s§ 5 | 8 || | 
| Vr+—Vr- [Hysteresis Xv | —(i‘“‘(CSC*rLC Tl 
“L” input current P6g~P65 Vi=0V a ee ee ee 
“L" input current RESET, Xi, Xow PV one ee eA 
“L” input current PS2/INT», PSo/INT; NOY oe oe ey ea ee es 
jt | HP mut curent | P2o~P27, P3>~P3; Vi=5V $84 ar 
“H” input current P54~PS; uA 


“H” input current RESET, Xin, Xcin Vj=5V 
“H” input current P52/INT2, P53/INT 
oui ve=I2V esa ees 


Output toad current POg~P07, P19~P17, P49 ~P4z, 
lLoapD e : fea eo : Ve=Vcc—36V, Vot=Vec 150 
P5o, P5, 
Output leak current POg~P07, P19~P17, P49~P4z, 
O; 1 





; 
Rg 
> 










< 
ll 
1 
< 
; 
r 
> 


Vram RAM retention voltage at clock stop 2 


Output pins open (output OFF) 
Vp=Voc, Vp=Vss Input and 1/0 pins all at Vss 
Xin=4MHz (system operation) 











loc Supply current 


X,;=4MHz _ ceramic resonator 
X,=32. 768kHz quartz crystal 
C,=C2=30pF resonator 
R,=1MO 

R,=100k2 


Output pins are open - 





Fig.3 Supply current test circuit 
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DESCRIPTION 

The M37120E6-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. The features of this chip are 
similar to those of the M37120M6-XXXFP except that this 
chip has a 12288 bytes PROM built in. This single-chip 
microcomputer is useful for appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 


FEATURES 
e@ Number of basic instructions TENE CUTE CREE REO ee Ce 71 
@ Memory size PROM Sree ee ee ee ee 12288 bytes 


oY.) \, eee eee 256 bytes 
@ Instruction execution time 
reteeeeeecees 1us(minimum instructions at 4MHz frequency) 
@ Single power supply 
f(Xin) =4MHz tees eeteeeeeeeeenaeenes seaeeseeeceeesecees 5V+10% 
@ Power dissipation 
normal operation mode (at 4MHz frequency) 


PT ee eee 75mW 
@ Subroutine nesting «ce 128 levels (Max.) 
e Interrupt sini ecoioloveisvelle: o:beeie se ocala o)tcsvevelevesetelavee alarere's ace 14 types, 14 vectors : 
@ B-bit timers cr rer eee eee eee tees Pere eee 4 
@ Programmable I/O ports 
(Ports PO, P1, P2, P3, P4) De ene ee Oe nee es 40 

) Input ports (Ports P6, P7) abba nde ete 7es0balesuiso,0'd 0:00 orale ereleeGie-w ays. & Bsigi'aid 12 
@ Serial I/O (8-bit) siSardip arora eave icigcere veel ovale oot che Giinled iale: weseiea eas bere Sisbierd 6% 2 
@ A-D converter (8-bit resolution) ---117+17++ 8 channels 
@ D-A converter (8-bit resolution) ‘7171+ 6 channels 
@ Watchdog timer 
@ 7/2-character on screen display function 

Number of character::::::-::--°*: 24 characters X3 lines 

Kinds of character er rr re ee a 126 


@® Two ciock generating circuits 
(One is for main clock, the other is for clock function) 
@ PROM (equivalent to the M5L27256) 
: program voltage TIRerrrererrrrrr rere ere ere err ee re ee 12.5V 


APPLICATION 
TV, VCR 
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PIN CONFIGURATION (TOP VIEW) 


18}—> D-Aout4 
— D-Aouts 


3 | 


D-Aourt3 *- a 64] <> P3,9/OUT2 


P73/AN7 > 5 | 
P7./AN, > L§] 
P7; /ANs — 
P7,/AN, > L& 
P67/AN3 —>{9| 


+> P0./AD2 
«+ P03/AD3 
+ P0,/AD, 
51] <> P0;/ADs 
50] <> P0,/ADg 
49] <> P07/AD7 


P6./INT, > [4 
P6,/INT, —> 
P6)/INTo — [16 


djXXX-9350CL ZEW 


+ P1,/ADgy 
46] +> Pt o/AD1i9 


P43/Srpy1 
P4./Scik1 
P4,/Soutt 


P40/Sin1 ** 41} > P17/AD45 


i 
w 
3] 
i 
3 | 
3] 
© 


P2./DBs «+ 
P24/DB,4 <> 
P23/DB3 <> 
P22/DBo2 «> 
P2,/DB; <> 
P29/DBo <> 3] 


Outline 80P6N 








RT 


Liv—€ 





M37120E6-XXXFP BLOCK DIAGRAM 


Clock 
Clock output 
input for for 
clock clock Clock Clock Timing 
function function input output output 


+ Vsync OSC2 OSC1 R G B I OUT1 cz Xcout Xin Xout ¢ 


t | THT 







Watchdog timer 












OSD 
OSD-ROM RAM 
.OSD-RAM : Program Program 
256 bytes counter’ | counter 


PCy (8) PC, (8) 














index 
register 
i 


Index 
register 
X(8) 










Processor 
status 







register 
PS(8) 


Accumulator 
A(8) 


converter converter, 
Pole i, INTo ~ INT3: 





[pa 
TEL LECT EL_| FREES 
gae=== 
_ itepall ital tien 
: 78— - 2980 DOOOOGIS- MONA MHLE— - CAI IONLICILI-— - 
eS ay 
Reteen%e D-A output D-A output ~ Input Input port P6 '/O port P4 


voltage input port P7 









| P3(8) 


at 


17/0 port P3 


Se 6384) 


Reset input 
RESET 










oe 


Fil 


1/0 port P2 port P2 


AVcc AVss Vcc Vss 


- —@—9- --Q—-@-@— - 





Timer 4 
a 


Instruction 
register 


Control signal 






| P2(8) 


stuiateteamd 
70 port Pt port P1 


| | 


| Pts) |__ Pos) 
NCUA HN 566 E 


1 

Instruction 
decoder 

{ 


1/0 port PO port PO 


dAaXXX"9INOZCTZEW 3° NOISHUSA WOud 


dixXXX-SS0CTLEW 
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FUNCTIONS OF M37120E6-XXXFP 


Instruction execution time 1s (minimum instructions, at 4MHz of frequency) 
Memory size 


256bytes 
























Pe SSC~*dSSt—S kT O—OC‘CS 
1BGR,OUM | _Output__| T-bIXS(for CRT display function) 
FVeme: Heme "| _Input__| T-bRX2(tor CRT dhepley function) 
re 2 eee | earners 
CRT display function 
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PIN DESCRIPTION 


Input/ 
Functions 
Output 


Supply 5V+10% to Vcc and OV to Vsg 


Vcc: Single-chip Power supply 

Vss /EPROM 

AVcc; Single-chip Analog power supply 
AVss 





Power supply input for A-D and D-A converters 
Connect to AVcc to Vec and AVsg to Vsg 
CNVss/ Single-chip CNVsgzg input Connect to Vgs. 
Vep 
EPROM | Vpp Input Connect to Vpp when programming or verifing 
Single-chip Reference voltage input Input Reference voltage input for A-D and D-A converters 
Reference voltage input Input Connect to Vss 


Single-chip Reset input To reset, keep this input terminal low for more than 24s (min) under normal Voc 
conditions If more time ts needed for the crystal oscillator to stabilize, this “L” con- 
dition should be maintained for the required time 


Xin Single-chip Clock input Input 

























These are !/O pins of internal clock generating circuit for main clock To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the Xjy and Xour pins If an external clock ts used, the clock source should 
be connected the Xin pin and the Xour pin should be left open 

















Xout Clock output Output Open. 













Single-chip Clock input for 


clock function 


This 1s the 1/O pins of the clock generating circurt for the clock function 






Clock output for 
clock function 


Clock tnput for Connect to Vcc. 
clock function 














Clock output for Output 
clock function 


Single-chip Timing output Output The function of this pin can be selected either timing output or resetout output 





-—singe-omp | D-A output Output Analog signal from D-A converter is output 


PO ~~ P07 Single-chip 1/O port PO /O 


| EPROM | Address input Ag~A7 teput PO works as the lower 8 bit address input (Ag~A7) 











Port PO is an 8-bit 1/O port with directional registers allowing each 1/O bit to be indi- 
vidually programmed as input or output At reset, this port is set to input mode The 
output structure ts CMOS output 
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Input/ 
A Functions 
Output 
P1op~P17 Single-chip 1/O port P1 1/0 Port P1 is an 8-bit !/O port and has basically the same functions as port PO 





PIN DESCRIPTION (Continued) 


Address input Ag~Aj3 P19~P1g works as the higher 6 bit address inputs (Ag~Aj4). 


Connect to P17 to Vcc when the microcomputer accesses to program ROM 
Connect to P17 to Vsg when the microcomputer accesses to OSD ROM 






P29~ P27 Single-chip 





1/O port P2 1/O Port P2 ts an 8-bit I/O port and has basically the same function as port PO 


Data input/ 1/O Port P2 works as an 8 bit data bus (Dp~D7) 
output De~ D7 





P39~ P37 I/O port P3 1/0 


P49~P4, Single-chip 1/0 port P4 1/0 Port P4 is an 8-bit I/O port and has basically the same functions as port PO, but the 
output structure is N-channel open drain 


P69~~ P67 hiad sat Seal Port P6 Is an 8-bit input port P69~ P63 are in common with interrupt input pins and 
P6,~P67 are in common with analog input pins 
ne ee oe ern 
se om 
ero 
|, OUT1 


7 


Port P3 ts an 8-bit |/O port and has basically the same functions as port PO. 
Port P39 is in Common with CRT input pin and P3, is in common with counter input 
pin 


P33, P34, work as CE and OE, respectively Connect to P389~ P32 and P35~ P37 to 
Voc. 





OSC1 Single-chip Clock input for CRT 


display 


OSC2 Single-chip Clock output for CRT 


display 
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EPROM MODE | Table 1. Pin function in EPROM mode 


The M37120E6-XXXFP features an EPROM mode in addi- = [————___ 
















low (“L”), the chip automatically enters the EPROM mode. 


Table 1 list the correspondence between pins and Figure 1 
gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P33, P3, and CNVss 
are used for the PROM (equivalent to the M5L27256) . 
When in this mode, the built-in PROM can be written to or 
read from using these pins in the same way as with the 
M5L27256. 


ae 
tion to its normal modes. When the RESET signal level is [Vcc |. Voc |.~Cccs— ( twst~s~sS 

aa ae 
Port P2 
CE 





[Sj— D-Aout4 
— D-Aouts 


(3 


D-Aours + [1] 
D-Aourte2 + [2] 


56] ++ PO 9/ADy ——— Co) 
P6./AN2 — 55) ++ PO,/AD, ———(a;,) 
P6;/AN, — 
P64/ANy —> 
P63/INT3 = 
P6./INT> — 
P6,/INT, — 
P6o/INTo > 
P47/Sroy2 + 
P46/Scix2 
P45/Soute 
P4,4/Sin2 + 
P43/Srpy1 + 
P42/Scik1 
P4,/Sourt 
P40/Sint Ai] <> P17/AD,5 MAIN 


OSD | 


Vss 


d4XXX-9A07LZEW 


Voc 


Vss (> : Same functions as M5L27256 





Fig.) Pin connection in EPROM mode 
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PROM READING AND WRITING 

Reading 

To read the PROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ayp~Aj;,4) to be read and the 
data will be output to the I/O pins Dg ~D;. The data I/O 
pins will be floating when the OE pin is in the “H” state. 


Writing 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~Aj,4, and the data to be written is input to pins Do 
~Dy. Set the CE pin to a “L” level to begin writing. 


Table 2. 1/0 signal in each mode 


se 


Output disable 


Programming verify ~ 
Program disable 


Note 1: Vi_ and Vj, indicate a “L” and “H” input voltage, respectively. 
2: An X indicates erther Vi. or Vi4 





NOTES ON HANDLING 

(1) Since a high voltage (12.5V) is used to write data, care 
should be taken when turning on the PROM writer’s 
power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 


Writing with PROM writer 


Screening (Note) (Leave at 150°C for 40 hours) 


Verify test with PROM writer 










Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 


Data I/O 


Veo(72) (33~40, 42~56) 
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DESCRIPTION 

The M37410E6HFS, M37410E6HXXXFP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. M37410E6HXXXFP is housed in a 80-pin shrink plastic 
molded QFP. M37410E6HFS is housed in a 80-pin ceramic 
QFP. The features of M37410E6HXXXFP are similar to 
those of the M37410M4HXXXFP except that this chip has a 


PIN CONFIGURATION (TOP VIEW) 


s/INs 
7/1INg 
6/IN7 
5/P4po 


12288 bytes PROM built in. This single-chip microcomputer eae 
3 

is useful for home electrical appliances and consumer ap- aa aS 

pliance controllers. SEGz9/INo +* [5 


In addition to its simple instruction sets, the PROM, RAM, 


and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

The M37410E6HFS are the window type. The differences 
between the M37410E6HXXXFP and the M37410E6HFS are 
the package outline and the power dissipation ability 
(absolute maximum ratings). 


P5;/PWM3 + (9) 
P5¢/PWM2 + ['0} 
P5s/PWM1 + Lit) 
P5,/PWMO + [12] 


P5,/SIG + [13] 


P5./CNT2/CE + [1 
P5,/CNT,/OE + [3 
P§,/INT3/PGM + [16 


P36/CLK ++ [18] 


P34/Siw ++ [20] 


FEATURES 
® Number of basic instructions W580 9 ake 6.08.8 80: Cie ee belle oO c8re wie 8 6 e8 69 
e Memory size PROM ee eee ee ee Ore 12288 bytes 
RAM o. Siwielese lated: eis ouele bie eS e-0.86,.6 6 @65ElN we ee oe 256 bytes 
@ Instruction execution time (minimum instructions) 
at high-speed 1a (0\0 (> eee 1us 
at low-speed 11 0\¢ (> eo 4us 
© Single power supply 
M3741 OE6HXXXFP eialvaua Tells: afc st letlo 8 eiGrereie oie) ee rsi'g oo eerie ee'a.> 2.5~5.5V SEG,:/INe<[ 
M37410E6HFS +1 wale Bie ie wrasse w ace. 8 wee ees 8 4.5~5.5V SEG.2/INs + [2] 


@ Power dissipation 
normal operation mode (at 8MHz frequency) 
i aie he Wa arene, wuetes wishes ave oiniai Sree. 9 o'e'o 9 Wise haw ace 30mWw (Voc=5V, Typ.) 
low-speed operation mode (at 32kHz frequency for 
clock function) Aub gs Sits eter sate haleveacs ate 54uW (Voc=8V, Typ.) 


SEGi9/IN, + 


P57/PWM3 + [11] 
P56/PWM2 + [12] 


djaXXXH9S0LPZEW 


SAH9S0lPLEW 


52] +> P22/Do2 
51] ++ P23/Dg3 
50] +> P2,/D, 
49] +> P2./Ds 
48] +> P2¢/Dg 


146] +> POo/Ao 


44] > PO2/A2 
+> P03/A3 
> PQ4/A, 
lat] <> PO5/As 


54] > P2,/D, 
aa P23/D, 





@ RAM retention voltage (stop mode) P5,/PWM1 + [13 fz] + P2,/D, 
san was GG orig Grn %e "ovese 18 SGe suis ni Slate, ty wrens ‘eeracelevs’ aie a Woetessta ote 2.0VSVram=5.5V a a al P2s/Ds 
@ Subroutine nesting se 96 levels (Max. ) P52/CNT2/CE ++ [ie fa) + P2;/D, 
@ Interrupts teers 10 types, 5 vectors ps,/INT9/SGK +> [a He] +* POo/Ag 
@ 8-bit timer: ccc pivaduinas Sone aiy naam semana estes eee 4 peas s)~ POs/As 
@ 16-bit timer -:::-*::-::°*: 1 (Two 8-bit timers make one set) P3,/a oe a POW/Aa 
@ Programmable 1/O ports i] <> POe/A 
(Ports PO, P1, P2, P3, P5) vcertetteerreteeteeeeeetees 40 aaa 
@ Input port (Port °7.) RO 4 : . 
®@ Serial I/O (8-bit) dah oo GARR e EOS RAS RO ALOR we Tee Negi Gunee rele | x 8 $§ 
@ A-Doomnverter sce tetera 8-bit, 8-channel a é 2 oa 
@ LCD raeiuer nies (1/2, 1/3 bias, 1/2, 1/3, 1/4 ee Outline 80S6 (Window) 
Segment OUtpUt sees ete teeter teeter tet ttttte eters 
common output rr rr i ee ee ee ee 4 


@ Two clock generating circuits 

(One is for main clock, the other is for clock function) 
@ PROM (equivalent to the M5L27128) 

program voltage Pere Trrrrrrerererrrrrrererrerer err er ee eee 21V 








APPLICATION 


Audio-visual equipment 


Remote 
Camera 
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() ai P5 ( 8 ) 
generating Processor Program | Program Stack instruction 
register 
x 
COUT : Instruction 
é decoder 
Control signal 
8-bit 
arithmetic 
and index 
register register 
fegical Timer 3 | 
T3(8) 
ee 
























key on wake up(8) = 





P2(8) 




















LCD controller/driver Ty P1(8) PO(8) 
Eesha se iia a i 
; gage ae oe i i | 
L beh LA 19-DE— GED GIS) —-6DGH 5 3 — —— - d) 090 6506969 —— 6140. 63408545404) -— G9aDanaDananadas 
Segment output (24) Common Power 1/O port P3 1/O port P2 1/O port P1 1/O port PO 


SEG output supply 
COM for LCD 


djAXXXHSWOTPLEW' ddixXXHVWOTPZEW daXXXHEWOTPLEW 1° NOISHSA WOUd 


<= 
(a) 
mJ 
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FUNCTIONS OF M37410E6HXXXFP 

















Parameters Functions 


instruction execution time lus (minimum instructions, at 8MHz of frequency 
Clock frequency 8MHz 


) 
PO, P1, P2, P3, PS 8-bitX5 
cpa anoculeserwememmaeweesy 


COM LCD output | 4-bitx1 
Serial I/O 8-bitX 1 
, 8-bit ttmerx4 
Timers 


16-bit timerX1 (combination of two 8-bit timers) 
1/2, 1/3 bias selectable 
1/2, 1/3, 1/4 duty selectable 






: 






Input/Output port 

















Duty ratio 









LCD controller/driver 









Common output 


Operating temperature range 








24(SEG12~SEGo3 are in common with port P4 and analog input pins) 
96( max) 


Three external Interrupts, three timer interrupts (or two timer, one serial |/O) 











Two built-in circuits (ceramic or quartz crystal oscillator) 










Device structure CMOS silicon gate 


80-pin plastic molded QFP 








Package 
Note 1 : The PROM programming voltage is 21V (equivalent to the M5L27128) 
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PIN DESCRIPTION 


Input/ 
ee Functions 
Output 
Voc: Single-chip Power supply Supply 5V+5% to Voc and OV to Vss 
Vss /EPROM 


RESET Single-chip Reset input To reset, keep this input terminal low for more than 164s (min) under normal Voc 
conditions If more time is needed for the crystal oscillator to stabilize, this “L” con- 
dition should be maintained for the required time 

| eprom | ‘Reset input Connect to OV. 


Xout Clock output 
be connected the Xjj pin and the Xour pin should be left open 


INT, Single-chip Interrupt input This is the highest order interrupt input pin 
1/0 


IN 
PQ o~ P07 Single-chip 1/O port PO 
P15>~P17 |. Single-chip 
P29~P27 Single-chip 1/O port P2 1/0 
Data input/ 1/0 
output Do~ D7 
P309™~ P37 Single-chip 1/O port P3 /O 


SEG,2/P43 Single-chip 
f 
SEG 5/P4 


EPROM Input port P4 Input Connect to Vcc 


P59~~ P57 Single-chip 1/O port P5 1/0 
| | Select mode Input 





. 






Single-chip 

















Single-chip 
/EPROM 


These are I/O pins of internal clock generating circuit for main clock To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the Xiy and Xour pins If an external clock is used, the clock source should 

























Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be indi- 
vidually programmed as input or output. At reset, this port is set to input mode The 
output structure is CMOS output 





Address input Ap~Az PO works as the lower 8 bit address input (Ap~A7). 













1/O port P1 1/0 Port P1 is an 8-bit I/O port and has basically the same functions as port PO 


The output structure is N-channel open drain.” 











Address input Ag~Aj3 P19~P15 works as the higher 6 bit address inputs (Ag~Aj3) 


Connect P1g~P17 to Vcc 














Port P2 is an 8-bit !1/O port and has basically the same function as port PO 
Also all bits are for key on wake up input pins. 


Port P2 works as an 8 bit data bus (Dp~D7) 











Port P3 ts an 8-bit I/O port and has basically the same functions as port PO 
When serial I/O ts used, P37, P3g, P85 and P3, work as Srov; CLK, Soyt, and Sip 
pins, respectively Also P33, P32, P3;, and P39 work as timer 4 overflow signal di- 
vided by 2 output pin (T), INT2 pin, Xcin and Xcour pins, respectively 


Connect to 0V 











Segment output 
/input port P4 


Output 
/|Input 


SEG12~SEG5 are segment output pins 
Also these work as input port P4 by 2-bit unit 












Port P5 is an 8-bit I/O port and has basically the same function as P1. P59, P5;, P52 
and P53 are in common with INTs, timer3 input, timerS input and A-D trigger input, 
respectively 


P5o, P5:, P5g work as CE, OE and PGM, respectively Connect to P5s~P5, to OV, 
and P53~P5, to Vcc. 
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PIN DESCRIPTION (Continued) 


Input/ 


Functions 
Output 


Single-chip Voltage input for LCD These are voltage input pins for LCD Supply voltage as OVSV,1SVieSVi3=Vcc 
0~V.3V ts supplied to LCD 


Single-chip Common output Output These are LCD common output pins. 


Common output Output Connect to Vcc 











Single-chip Segment output Output These are LCD segment output pins 


= 








Segment output Output Connect to Vcc 


SEGi¢/IN7 Single-chip Segment output SEGis~SEGo23 work as analog input pins IN7~INo 
{ /analog input SEGie~SEGig are used by 2-bit unit and SEGo9~SEGo3 by 4-bit unit 
SEGo3/INo 
| EPROM | Analog input Connect to Voc 
AVss Single-chip Analog voltage input GND input pin for the A-D converter 
| ePROM Analog voltage input Connect to Vsg 


Single-chip Reference voltage Referrence input pin for A-D converter. 
input 
Reference voltage Connect to Vcc 
input 
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EPROM MODE : Table 1. Pin function in EPROM mode 


The M37410E6HXXXFP, M37410E6HFS feature an EPROM aay pea 
= M37410E6HFS M5L27128 


mode in addition to its normal modes. When the RESET _ 






signal level is low (“L”), the chip automatically enters the 
EPROM mode. Table 1 list the correspondence between 


pins and Figure 1, Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P59 ~ P50, and CNVss are used for the PROM 
(equivalent to the M5L27128) ..When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscillator 
should be connected to the Xjy and Xoyrz pins, or external 
clock should be connected to the Xj pin. 





SEG 19/INg + 
SEGoa9/IN3 "> —T COM, 
SEG>,/IN> > —+ COMo 
SEGo0/IN, 14 -— Vu 
SEGo3/INo . — Vie 
Vss ga Vis 
7 P2o/Do ——Cdo) 
++ P2,/D, ——Co 
bad P2./Do —C2 
~~ P23/D3 
Ps,/PWM1 + M37410E6HXXXFP “+ P2,/D,——Coad 
P5,/PWMO + ++ P25/Ds ——Cos) 
P53/SIG + ++ P2¢/Ds ——Coe) 
(6E)—— P5/CNT2/CE + ++ P27/D, 
(OE)—— P5,/CNT,/OE + ++ P0o/Ao 
€G— P59/INT3/PGM ++ +> P0,/A; ——CAD 
P3,/Sapy > ++ P02/A2 ——Caa 
P36/CLK +> ++ P03/A3 ——CAs> 
P35/Sourt ** + P0,/A, Cra» 
P34/Sin [ai] ++ P0s/As ——CAs> 


3] 
ia) 
3 | 
Ww 
nN 
p-9 


Pay/ To 
PSs/INTs «+ 


Ceramic 
oscillating 


Cc) : Same functions as M5L27128 





Fig.1 Pin connection in EPROM mode 
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6/IN7z 
5/P49 
4/P4, 
3/P4o2 
2/P4g 


SEG 
— SEG 
— SEG 
—+ SEG 


3 | 
| 
Si] 





ss) 


Wca——— Vee 
T P5,/PWM3 
AA ae 7410E6HFS 
P5</PWM1 + M3 

P5,/PWMO + 

= P5;3/SIG + 

CCE)— P5,/CNT2/CE + 

COE)— P5,/CNT,/OE 

@GM— P5,/INT3/PGM 

P37/Srpy <> 


P33/T —_- 
P3,/INT> +> +> P07/Az 


iS 
on 
N 
fo?) 
Ea 
> 
w 
ol 
Ww 
El 
Ww 
[Ss] 
Ww 
oO 
Ww 
is) 


Plg 
—=. P15/A43 —_ 


(ss) 
Cg) 
12) \ 
@ip—— P13/Ain1 + 


INT, — 
Vss 
P17 - 


(pp) — CNVgs/Vpp 


P14/Ag +. 


Gio Pt2/Ai9 > 
Coa) 
Cas) P19/Ag <> 


RESET — 


O——— Xin > 


P31/Xcin 
Pt4/Ayo + 


O—— Xout *— 


|) ! Same functions as M5L27128 





Fig.2 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ayp~Aj3) to be read and the data will be output to the 
I/O pins Do>~ D7. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 





Writing = 

To write to the PROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ayg~Aj3, and the data to 
be written is input to pins Do>~D7;. Set the PGM pin to a “L” 
level to begin writing. 





Erasing 

Data can only erased on the M37410E6HFS ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length The minimum radiation power necessary for erasing 
is 15W*s/cm?. 


Functional diferences from M37410M3HXXXFP_ or 
M37410M4HXXXFP, M37410M6HXXXFP 
(excluding characteristic differences). 

















M37410M3HXXXFP 
M37410M4HXXXFP 
M37410M6HXXXFP 








M37410E6HXXXFP 
M37410E6HFS 






| Port PO pull-up resistor 
Port P2 pull-up resistor | Option | _—Not provided 
Port P3 pull-up resistor Option 


Port P5 pull-up resistor Option Not provided 


Port P2 key on wake up |. Option Provided (all bits) 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 


Table 2. 1/0 signal in each mode 














Program disable 


Note 1° Vi. and Viy indicate a “L” and “H” input voltage, respectively. 
2 : An X< indicates either Vy or Vin 


CE(14) OE(15) PGM(16) 
Read-out Vin 
Vin 


ee A 
[Programming veriy [Va | Vu Vw 


(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) 1s used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) Note that ports P3, and P3, of M37410E6HXXXFP or 
M37410E6HFS can not use as !/O ports when the ex- 
ternal A-D start enable bit is set to “1” (enabled). This 
is because that bit 5 of the serial |1/O mode register of 
M37410M3HXXXFP or M37410M4HXXXFP, M37410M6H 
XXXFP acts differently from that of M37410E6HXXXFP or 
M37410E6HFS, as compared in the table. 

Bit 5 of serial |1/O mode register when external A-D 
start enable bit is “1”. 


Bit 5 of serial I/O mode register 


Not affected 


Automatically set to “1”, and ts fixed to “1” 
while external A-D start enable bit 
remains “1” 


















M37410M3HXXXFP 
M37410M4HXXXFP 
M37410M6HXXXFP 


_ M3741 0EGHXXXFP 
M37410E6HFS 





(5) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 






Screening (Note)(Leave at 150°C for 40 hours) 


Verify test w 


ith PROM writer 





Note : Since the screening temperature is higher than 
storage temperature, never expose to 150 ex- 
ceeding 100 hours. 





Data I/O 
(47~54) 


Vcc 


Floating 
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ABSOLUTE MAXIMUM RATINGS 


LCD supply Vii~Vis3 Vir<Vi2< Vig —0. 3~Voect0. 3 
Input voltage PQg~P07, P29~P27, P39, P3;, P4g~P4s, 
INo~!N7, Vrer, Xin 


Vcc 
Vv 
ze 
Input voltage INT;, RESET, P1p~P17, P3,~P3, P5p~P5; —0.3~10 ne lI 
a 
























—0. 3~Voec +0. 3 





V 
V 
V 
V 
Output voltage POg~P07, P29~P27, P39, P31, 
—0.3~V 0. V 
COMo~COMs, SEGo~SEGa3, Xourt 
Output voltage P1p~P17, P32~P37, P5y~P5z —0.3~10 


Power dissipation Ta = 25C 300 mW 
Operating temperature 














Topr 


Note 1 : In PROM programming mode, CNVs¢zg is 21. 0V 


Storage temperature 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+5%, Ta=—10~70°, unless otherwise noted) 


f(Xin) =8MHz High-speed mode 
Supply voltage (Note 1) (Xin) =8MHz Normal mode or 
f(Xin) =2MHz High-speed mode (Note 2) 


Supply voltage 


“H” input voltage POg~P07, P39, P3;, P49 ~P4s, 
Xin. CNVss (Note 4) 





Voc 
Vss 
Vin 
“H” input voltage P29~ P27 
“H” input voltage P1p~P17, P5;~P5z7, Sin 
vy “H” input voltage P5o, INT;, INT2, INT3, P32~P37, 
i CNTj, CNT2, SIG, CLK 
“H” input voltage RESET, Xcin 
Vin 
Vie 
Vin 
lo 
lou 


“L” input voltage POg~P07, P1p~P17, P39, P31, 
P49~ P43, P5;,~P5y, Sin 





“L” input voltage P29~P27, P32~P37, P59, INT1, INTo, 
INT3, CNT, CNT», SIG, CLK 


“L” input voltage RESET, Xin, Xcin 


“L” output current POg~P07, P29~P27, P39~P3,, 
ee P59~P57, Xour, PWMO~PWM3, T, 
Sout; CLK, Srpy; SIG (Note 6) 


to “L” output current P19~P17 (Note 2)(Note 7 


f(Xin) Clock oscillating frequency 
Clock oscillating frequency for clock function 


Note 1 : When only maintaining the RAM data, minimum value of Vec Is 2V. 
: We say the high-speed mode, when the system clock is chosen X\y/4, and the normal mode, when the system clock ts chosen X,y/16 
In case M37410E6HFS, 4. 5V ; 
When P3 Is Xcin Mode, the Irmits of Vin Of P3, Is 0. 85VocSVin= Vcc, OSV), $0. 15Voc 
Total of lon(peak) of ports PO, P2 and Xour Is less than 35mA 
Total of lo.(peak) of ports PO, P2, P3 and P5 is less than 32mA 
Total of lo.(peak) of P1 1s less than 80mA 
Total of lo.(avg ) of P1 is less than 40mA 





Liege: 2 “H” output current POg~P07, P29~P27, Xour (Note 5 





iD) 


NOOO HR W 





¢ MITSUBISHI 3—431 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37410EGHXXXFP 
| | M37410E6HFS 


PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410MGHXXXFP 


‘ 





. 


ELECTRICAL CHARACTERISTICS (Ta=—10~70°, Vsg=O0V, unless otherwise noted) 


Symbol Parameter Test conditions r 


“L” output voltage PO0p~P07, P2>~P27, P39>~P37, 

Vo P5o~P5z7, T, Sour, CLK, Srovy, Voc™=5V, lo-=1mA 

pve SIG, PWM0~PWM3 
Vo 
Vo 

IL 


H 
H 
L 
“L” output voltage P1p~P1, Voo=5V, lo:=20mA 
L 
Cc 







Unit 


< 
Zo] 















r Vop: —_ 4 “L” output voltage Xour Voc™=5V, lo. =0. 3mA 


Hysteresis INT1, INT2, INT3, CLK, CNT), 
Vr4—Vr— Voc™=5V 
CNTa2, SIG, Sin, P29~P27, Xcin 
Hysteresis RESET Voc=5V 
Hysteresis Xin Vec=5V 


“L” input current POpo~P07, Plp~P17, P29~P27, 
| P3o~P37,.P49~P43, P5p~P57 (Note 1 ), 
INo~IN7, INT1, RESET, Xjny 


“H” input current POg~P07, P29~P27, P30, P31, 












2 = 
oyrm] N 
on —|r — 


P49~P4z, INo~INz, 
Xin, Xcin, CNVsg 


“H” input current Pig~P17, P39 ~P37, P59~P57, 
INT,, INTs, INT3, CNT,, CNTo, 
SIG, RESET, Siw, CLK 
Room Output impedance COMp~COMs3 Vio=2Vi4 Vec™=5V 
a a | Vig VEG 
pre Output impedance SEGo~SEGos ee Voo=5V 


f( Xin) =8MHz High-speed mode Voc=5V 
f(Xcin) =32kHz, Voo™=5V 
at wait state f(Xcin) =32kKHz, Voc™=5V 


at stop state Vec™=5V,all clock stop | Ta=25°C 


2 


z 
> 


st 
x g is 





200 





+e) 


3 





co) 
. —/W 
— 101; oO N 


.at operation 


Supply current 


lo 








g 
> 





VRAM 


Note 1 : Also the same as when each pin is used as INT», INTs, CNT), CNTo, SIG, Sin and Xin, respectively. 


RAM retention voltage 


ol 
se (o) emwh 


< 
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A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=AVss= 0 V, Ta=25°C, (Xin) = 


Symbol Parameter 


_ Resolution 


—— Non-linearity error 
== Differential non-linearity 
Zero transition error 





Vest Full-scale transition error 
Tc Conversion time 
lRer Reference input current 


Analog port input current 
z 


Vrer 


Analog input voltage 
Reference input voltage 





8 MHz, unless otherwise noted) 


Test conditions 


Voc= Vrer==). 12V 
Voc Vrer=3. 072V 
Voc= Vrer=5. 12V 
Voc=Vrer=3. 072V 
Voc=Vrer=). 12V 
Voc=Vrer=3. 072V 
Voc= Vrer=5. 12V 
Voc=Vrer=3. 072V 
Voc=2. 5~5. 5V Normal mode 
Vrer=oOV 

Vrer=3V 

nn ae 
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DESCRIPTION 

The M37412E5-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 
72-pin plastic QFP. The features of this chip are similar to 
those of the M37412M4-XXXFP except that this chip has a 
10240 bytes PROM built in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap- 
pliance controllers. 

in addition to its simple instruction sets, the PROM, RAM, 
‘and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 


FEATURES 
r ) Number of basic instructions eer rrerrrer rere eee eee eee ee ee 69 
e@ Memory size PROM iS Naso le eve! aves ere. eee wie see leiaves oF eterehe'e,eie5e'e 10240 bytes 


RAM cccccrceccccececesesesnsseseee seen ees 160 bytes 
@ Instruction execution time 
pants 2us (minimum instructions at 4MHz frequency) 


e Single power supply Perey ee ee 5V4E5% 
@ Power dissipation 

normal operatign mode (at 4MHz frequency) --:: 15mW 
@ Subroutine nesting «ss 80 levels (Max.) 
e Interrupt ererer errr rere re rere errr eee eee eee rere 7 types, 5 vectors 
@ 8-bit timer Boece reer rere cere ee ee nee esses seers ese reseeeseeeseeeseessens 4 
@ Programmable |/O ports (Ports PO, P1, P2, P3, P4, P7) 

Corer er rer verve cvveensrenesscessersesees 46 

@ Input port (Port P5) Cb he ee nese ee ee eeenereeseneneeecenensaneessonseans 8 
@ Output port (Port P6) SUSU eee wasn ded eue¥idevessseebuNeNSceeenaw ees 5 
@ Serial |/O (8-bit) bale She. ae a csues Ba agen ehe 010 Si 6G avers issn 6 9d gis gnahaleiaie alaiats ecetarete Soaiereis 1 
@ A-D converter::::::*:***:": 8-bit successive approximation : 
@ D-A converter 
@ 8-bit PWM function 
@ Watchdog timer 
@ PROM (equivalent to the M5L27128) 

re) coy] ¢: 70) -\¢ |: ooo o1V 
APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 














+> P0o/Ao 
- PO; / A; 








or | _ PQ2/ Az 
Fa — PO3/ A3 


Sy] 





P27/D, +> [58] 


M3741 2E5-XXXFP 





NTR «+ [5] 


P33/C 


Outline 72P6 
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M37412E5-XXXFP BLOCK DIAGRAM 


Clock Clock Timing 











Vcc Vss CNVss 





input output output interrupt input Reset input 
Xin Xour ¢ INT, RESET 
@--—@ @- - S - 
V V 


DF 






RAM 


160 bytes 
Watchdog timer 


Processor 
status 
register 


PS(8) 





Accumulator 










Pulse width 
modulator (8) 














Index 
register X(8) 





Program Program 
counter counter 
PCx(8) PC, (8) 


Saal; 














Index 
register Y(8) 


== 

seneees 

++ ++ + + — 
fgg oe cane ce 
; te 
OOM) @® BUD OS @ EAH — BD 81) G2 G3) 84) G5) G6) B)—) Jddbdache 
SS SS PWM i —SS SSS ee 

I/O port P7 Output port P6 D-A AVss Input port P5 I/O port P4 


















@-— - a 
Data bus 


ee 1 
T1(8) 


Instruction 
en te “TT (8) 
Prescaler Timer 






















Lee Ll a 
am 
| 
Te Timer 3 
— T3(8) Control signal 
Stack 





pointer S(8) ee 


Bsa 
Bsa 









eee 
lil te 


15) 16) CW 1) CO De 8) 69) 60) GD 62 63 GH) G5— -G) G9 @D @ @ DMO— WED 6D 6 6) 65 GH GD 
WY ——_—_—_———_._-—__-““ ——__ $< ” 


1/O port P3 1/O port P2 I/O port P1 I/O port PO 


dAXXX-PINCTPZEW 1° NOISUSA WOUd 


diAxXxXX"SACTPZEW 
SU3.LNdWODONDIW IHSISNSLIW 
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‘FUNCTIONS OF M37412E5-XXXFP 


a  " 


Instruction execution time 2s (minimum instructions, at 4MHz frequency) 


Memory Size 
160 bytes 


INT, Input 1-bitX1 
PO, P1, P2, P3, P4 1/0 8-bitX5 (a part of P3 is common with serial I/O, timer I/O, and interrupt input) 
P5 8-bitX1 


5-bitX1 (a part of P6 Is in common with external trigger output pin) 
6-bitX1 
Serial 1/O 8-bitX 1 


Timers 8-bit prescalerX3+8-bit timerX4 ° 





Functions 














Input/Output ports 





































D-A conversion 5-bitX1 
Watchdog timer 15-bitX 1 
Subroutine nesting 80 levels (max 
Clock generating circuit built-in (ceramic or quartz crystal oscillator) 
Supply voltage 5Vt5% 
15mW (at 4MHz frequency) 
12V (Ports PO, P1, P3, P4, P5, P6, P7, INT;) 


5mA (Ports PO, P1, P2, P3, P4, P7) 
Possible 





) 







Power dissipation 






Input/Output voltage 


Note 1 : The PROM programing voltage is 21V (equivalent to the M5L27128) 
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PIN DESCRIPTION 
Input/ 
Output 
Vee; Single-chip Power supply Supply 5V+5% to Vcc and OV to Vsg 
Vss /EPROM 


CNVss/ Single-chip CNVssg input Connect to OV 
Vpp : 
| EPROM Vpp input Connect to Vpp when programming or verifing. 


Single-chip RESET input To reset, keep this input terminal low for more than 2us (min) under normal Voc 
conditions If more time is needed for the crystal! oscillator to stabilize, this “L” con- 
dition should be maintained for the required time. 














RESET input Connect to Vss 





Single-chip Clock input Connect a ceramic or a quartz crystal oscillator between Xjy and Xour for clock 


/EPROM oscillation. If an external clock input 1s used, connect the clock input to the Xin pin 
Clock output and open the Xour pin. 


Timing output 








Single-chip For timing output 


/EPROM 



















Single-chip Input Interrupt input INT}. 


INT, 
: EPROM Interrupt input tnput | 
PO 9~ P07 Single-chip 1/O port PO /O Port PO is an 8-bit 1/O port with direction registers which can program each bit as 
input or output It is set to input mode at reset. The output format is N-ch open drain 


Interrupt input 





Connect to QV. 





Address tnput Ag~A7 Input PO works as the lower 8 bit address input (Ap~A7z). 


























P159~P17 Single-chip 1/O port P1 1/0 Port P1 is an 8-bit I/O port which has the same function as Port PO 
Address input Ag~Aj43 Input P19~P1, works as the higher 5 bit address inputs (Ag~Aj3) 
Connect P1s~P17 to Vcc 
P25~ P27 Single-chip 1/O port P2 1/O Port P2 is an 8-bit I/O port which has the same function as port PO The output for- 
mat is CMOS. 
Data input/ Port 2 works as an 8 bit data bus (Dp~D7) 
output Do~ D7 








P39~ P37 Single-chip 1/0 port P3 Port P3 ts an 8-bit 1/O port and has basically the same functions port PO When se- 
rial 1/O is used, P37, P3g, P3s, and P3, work as Sarpy, CLK, Sout, and Sy pins, re- 
spectively Also P33 and P32 work as CNTR pin and the lowest interrupt pin (INT2), 
respectively The output format is N-ch open drain 

EPROM Input Port P3 Input Connect to 0V 

P49~ P47 Single-chip 1/O port P4 1/0 Port P4 is an 8-bit |/O port which has the same function as port PO Ports P47;~P4) 

are common with Analog inputs AN7~AN The output format is N-ch open drain 
Tak sont Gal 


P45, P4,, P49 work as CE, OE and PGM inputs, respectively 
Connect P4,~P4, to OV and P4, and P43 to Vcc 


P559-~~ P57 Single-chip input pot | put | Port P5 is an 8-bit input port. Ports P57~P5, have edge sence functions 








eprom | input pot oat | Commesttoy 
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PIN DESCRIPTION (Continued) 


Input/ : 
Name : Functions 
~ Output 
P69~™ P64 Single-chip Output port Output 


Ca 
rem eee | me em 
er sao 

Reference input for A-D and D-A converters. 


Vrer Single-chip Reference voltage 
input 
Reference voltage Connect to 0V 
input 





























Port P6 is an 5-bit output port. At external trigger output mode, P6> and P6, are in 
common with the trigger input pin (T) and the trigger output pin (Q), respectively 
The output structure is N-channel open drain 


GND pin for the A-D and D-A converters. : 


Connect to OV. 





D-A converter output pin 


Connect to OV. 


D-A 
| eprom | o-wautp 
Single-chip PWM output 






Pulse width modulation output pin (N-ch open drain format). 


Connect to 0V 
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EPROM MODE 

The M37412E5-XXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
low (“L”), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P4g~P4., and CNVsg5 
are used for the PROM (equivalent to the M5L27128). 
When in this mode, the built-in PROM can be written to or 
read from using these pins in the same way as with the 
M5L27128. The oscillator should be connected to the Xn 
and Xoyr pins, or external clock should be connected to 
the Xin pin. 


AAAS 


«+ P0Qo/Apo 
a> PO;/A; 
=> POo2/A2 
«> P03/A3 
> PO4/Ag 


on 
~~ 
on 
ot 
wo 
on 
on 
= | 


Pin function in EPROM mode 


M37412E5-XXXFP M5L27128 


Table 1. 


Raaiesd input Ports PO, 763 o~P1s5 oe 
Do~D, 
CE 


PGM 





CCEGEE 


<< P5, 
—_— P5, 
—_ P53 
+ P5,/ED, 
= P5;/EDs 
= P5.6/ED, 
_— P57/ED, 


M3741 2E5-XXXFP 


P4/ANo/CE + 


Vss 
C > : Same function as M5L27128 


Fig.l Pin connection in EPROM mode 


P4,/AN,/OE «+ 


P49/ANo/PGM ~~ 





aS CNVss/Vpp 
i ae INT, 
22] +> P35 


P7; —> 


P7) <> 


P37/Sroy -_- 
CNTR + [é] 


P3./INTs — 


P33/ 
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PROM READING AND WRITING 

Reading ee 

To read the PROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ap~Aj;3) to be read and the data will be output to the 
I/O pins Do~ D7. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 





Writing _ 

To write to the PROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Aj3, and the data to 
be written is input to pins Dp~D 7. Set the PGM pin to a “L” 
level to begin writing. 





Notes on Writing 

When using an PROM writer, the address range should be 
between 1800;, and 3FFF,,.. When data is written between 
addresses 0000;, and 3FFFi., fill addresses 0000;, to 
17F Fig with 004.. 


Table 2. 


1/O signal in each mode 


OE(11) 







Programming verify 
Program disable 


Note 1 > Vi and Vj indicate a “L” and “H” input voltage, respectively. 
2: An X indicates either Vy or Vin 





——— Data 1/O 


oe ee ae ister reece eine ell neg OCs tn SOMIEUTS, 
"Programming | Van | ls e0Vi Vc) | Venice | put 
7 
feo RS nis eee ee eee 


NOTES ON HANDLING 

(1) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the EPROM writer's 
power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) . Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 


Writing with PROM writer 
Screening (Note)(Leave at 150°C for 40 hours) 
Verify test with PROM writer 










Note Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 


ceeding 100 hours. 





PGM(12) Vpp(24) Vec(67) 





(58~64, 66) 








3—440 


MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37412E5-XXXFP 


. PROM VERSION of M37412M4-XXXFP 





ABSOLUTE MAXIMUM RATINGS 












Mee... oa Supply voltage 


Input voltage Xin 


Input voltage P29~P27, P4g~P47 





P60, P7>~P7s, INT; 


With respect to Vss 
With the output transistor cut-off 





—0.3~ 7 
=O, 3 7 
== 0; 3~Voect+0. 3 


—0.3~13 


= oe Input voltage CNVss, RESET _| 


Vo Output voltage P29~P27, P4p~ P47, Xourt, ¢?, D-A 


—0.3~13 (Note 1) 


—=0; 3~Voct0. 3 
Output voltage POg~PO07, Pip ~P17, P3p~P37, P6g~P6,, 


Voc 

Vi 

Vv Input voltage PQo~ P07, Plp~P17, P39~P37, P5g9~ P57, 
\ 

Vi 

Vo 

V 
2 P7)>~P7s5, PWM 


—0.3~13 
| Pq Power dissipation Ta=25C 300 
Operating temperature —10~70 
Storage temperature —40~125 
Note 1 : In EPROM programming mode, CNVgzg Is 22. OV 


‘ 


m 









| 
Fe <i<| < |<|<|< 


RECOMMENDED OPERATING CONDITIONS (vcc=5V+5%, Ta=—10~70°C, unless otherwise noted) 


Symbol Parameter 








oan 
Supply voltage 





Supply voltage 





| Reference voltage 

“H” input voltage POg~ P07, Plgo~P17, P29~ P27, 
P39~P37, P4g~P47, P5p~P5z, INT), 
RESET, Xin, CNVgs, P60, P7>~P75 

“L” input voltage POg~P07, P19~P17, P29~P27, 
P3p~P37, P4g~P47, P5g~P5r, 
INT;, CNVsg, P69, P7>~P7s 

“L” input voitage RESET 

“L” input voitage Xin 

“L” peak output current POg~P07, Pip~P17, P2)~P2y, 

P39~P37, P49~P47, P7o~P735 
ai (Note 2 ) 
lou(peak)| “L” peak output current P69~P63 (Note 2 ) 











=F 

















+ 








lor( peak) 








lo-(peak) | “L” peak output current PWM, P6, (Note 2 ) 





“L” average output current P0gp~P07, Plo~P17, P2o~P27, 
P39~P37, P49~P4,, P7o~P7s5 
(Note 1 ) 

lovvavg) pe average output current P6y9~P63 (Note 1 ) 

lovvavg) | “L” average output current PWM, P6, (Note | ) 


loL(avg) 














lon(peak)| “H” peak output current P29~P27 (Note 2 ) 








loncavg) | “H” average output current P2>~P2; (Note 1 ) 




















f(Xin) Internal clock oscillating frequency 


Note 1 : The average output currents lo-(avg) and lon(avg) are the average value of a period of 100ms 
2 : Do not allow the combined low- level output current of ports PO, P1, P2, P3, P4, P6, and PWM to 
exceed 80mA 
Do not allow the combined high- level output current of port P2 to exceed 50mA 
3: “H” input voltage of ports PO, P1, P3, P5, P69, P7 and INT, 1s available up to +12V 
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ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 


Limits 
Parameter Test conditions Unit 
Typ. 
V 


“H” output voltage P29~P2, lon=—10mA 
Were. 6 “H” output voltage ¢ lon=—2. 5MA 


Vou = 
“L” output voltage PQ9~P07, P19~P17, P29~P27, 
P7o~P7s5 
PVrenVe-[Hyteresis WT SCSCS™~“~“~‘sSC“‘C ™SSNSNCSCSC“C(™’SNSNCSCNC™CWd 
: 
Hysteresis P33 When used as CNTR input 
Hysteresis RESET 
Hysteresis Xjy 0. 1 


“L” input current POg~P07, P1o~P17, P29~P27, | 
hie P39~P37, P4)~P4;, P59~ P57, V.=0V 
P69~ P63, P79~P7s5 
“H” input current POo~P07, P19p~P17, P389~P3,, 
p 0 7, F190 7, P3o 7 V.=12V 12 PN 
P59~ P57, P6o, P79~P75 
“H” input current INT,, RESET, Xin, P29~P27, 
inp U 1 IN 0 7 V.=5V uA 
P49~ P47 


f( Xin) =4MHz 
emer | | 2 | 8 | me | 
fear | | 

Ta=25T 

At clock stop a 
rem ||| 




















O19}; 
Or] Or] Wj} w | 


O|;O 







oO 








jo) 


= 
on;,— | — 





oe as 





se 











| 
A = 
















%, Xoutr, and D-A pins 
opened, other pins at 
Vss, and A-D converter 
in the finished condi- 
tion 












Supply current 


















Symbol Parameter Test conditions 


Min 
p= | Resoution ——S™~<“—*~*~*~*~ eee SC~<“—~™SC~*”Y 
| Absolute accuracy : Vrer= Vcc ae. 

Ladder resistance value Vrer= Voc | 2 | | 10 | ka | 
Mtconv _|Gowersintime SS SC~“—~*~*~dSC‘“‘(C‘S3SWTOOOO CdS 
[Vace | Reterencemputvotags ——=Ss=C=“*‘“*édSC“‘(YSCSNSNCNCN#N#CN#N#C#NSNNNY...CL 2 | | Veo | vv _| 
| Vin Analoginputvotage PT 












Limits 
Symbol Parameter Test conditions | timits 
sme | Pama | Typ | Max _| 


iA" LRT RLOS ES TERATE (SOARED SH 
[= etrorin tu scale range —SSSSSSS~id re 
an eum ee 





VREF 
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TIMING REQUIREMENTS 


Single-chip Mode (Vcc=5V+5%, Vss=0V, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 


tsu(p2p—¢) Port P2 input setup time 
tsu(p3p—¢) Port P3 input setup time 


tsu(ps5sp—¢) Port P5 input setup time 
tsu(p7p—¢) Port P7 input setup time 


thi ¢—popb) Port PO input hold time 











Test conditions 





NO 
SI 
Oo 


NO] PR 
i 
oO|oO 


NO 
~ 
(o) 


N 
SJ 
co) 


i) 
~S 
oO 


thc ¢—pipb) Port P1 input hold time 


7 
: 


tf External clock falling edge time 


NO 
NIN MIN 


NO 
8 
© 


















Symbol Parameter Test conditions 
fF smes | amar | eters age 


Tuma | PotPOnpusouptme SCSCS~C~—~—CSCSCSCSSSCSSSSSSCSC~d 
Mteutei») [Pot Ptmputsstupime———SSSCSCSC~—~—SCSCSCSsYSC 
tetra | Pot P2mputsouptime 
Vinacsos) [Pot POmputhodume ——SSSSSSSCSCSC—~—SCSsSSS 
theaceioy | Pot Pt inputholdtime SSSSSC*C 
Pee TT 







Memory expanding mode and microprocessor mode 
(Vec=5V£5%, Vss=0V, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 


est conaitions ni 









ae) 
Win 
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SWITCHING CHARACTERISTICS 


Single-chip Mode (Vcc=5V+5%, Vss=0V, Ta=25C, f(Xin) =4MHz, unless otherwise noted) 


td(¢—Ppoa) Port PO data output delay time Bias 
! 
Port P1 data output delay time 2 


td( ¢—P1Q) 
Port P2 data output delay time 
























td( ¢—p2a) 







td( ¢—p3aQ) Port P3 data output delay time 
td(¢—p4aQ) Port P4 data output delay time 
td( ¢g—p6aq) Port P6 data output delay time 





Port P7 data output delay time 


Eva-chip Mode (Vcec=5V+5%, Vss=0V, Ta=25°C, f(Xin) =4MHz, unless otherwise noted) 


Limits 
Typ 


Parameter Test conditions 








td( ¢—Ppoa) Port PO address output delay time 


Port PO address output delay time 


td( g—Poaq) Port PO data output delay time 








td(¢—PoaF) Port PO data output delay time 


Port P1 address output delay time 
td( ¢—P1AF) Port P1 address output delay time 
td(g—p1aQ) Port P1 data output delay time 


Port P1 data output delay time 














WINIMIN IMINO I MIN) DN 
oO;O;/O;agj;a;yo1ro;aia 
SOl/O;OlOl;oOl;oa;oa;o;oa 


Port P2 data output delay time 


td(¢—P2aF) Port P2 data output delay time 


NO | Ww 
oid 
o;o 


td(g—_r/w) 
td( d—R/wr) 
td( g—P3,Q) Port P39 data output delay time 


td(¢—pa,ar) | Port P39 data output delay time 


NTT RITN 
a q1oqn 
O};O};}O;oO 

3 a 


td(¢—sync) | SYNC signal output delay time 











N 
oO 
oO 


td(¢—syncr) | SYNC signal output delay time 





td( g_p3,q) Port P3, data output delay time 














NO 
(2) 
Oo 


td(g—p3,qr) | Port P3, data output delay time 


Memory expanding mode and microprocessor mode 
(Vec=5V45%, Vss=0V, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 







Symbol Parameter 








Port PO address output delay time 










td(¢—Poa) 
td(g—p1a) Port P1 address output delay time 





td(¢g—p2aq) Port P2 data output delay time 








td(¢—P2aF) Port P2 data output delay time 





td(a_rw) R/W signal output delay time 








td(g—sync) | SYNC signal output delay time 









Fig. 2 Ports PO, P1, P3, P4, P6 and P7 test circuit Fig. 3 Port P2 test circuit 
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TIMING DIAGRAMS $ 
In single-chip mode td (¢—P0Q) manana 
tsu (POD—¢) 
ae 
Port PO input é 





th (¢—PoD) 
eg (¢-P1Q) 
Port Pt output Pana cana 
d th (¢—P1D) 
ng Pe (@—-P2Q ) 
Port P2 input = th (4-P2D) 
td (¢-P3Q) 
Port P3 output 
Port P3 input — ~ t 
th (4-P3D) 
td (@-P4Q) 
th (¢-P4D) 
Port P5 input 
th (¢--Ps5p) 
eG oe ee 
| th (¢-P7D) 
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In eva-chip mode 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3, output (R/W) 


Port P3, output (SYNC) 


nag tdi ¢-p2a) By td ( 6—- P2QF) 





re 
GEE), ©, GEE) 


q q 


OR ray? Ene 
GE) .- Gia). 







td (¢—P0Q) 







tsu (PoD— ¢) 


} th (¢—PoD) 


td (@-P1A) eg td (¢—P1AF) ed td( 6—P10F) 
Ga). ¢. Gaep,: 


td (¢-P1Q) mee 


tsy (P10—¢) 


D th (¢—P1D) 


<< > 
7 : 


th ( ¢—p20) 


ey td (¢@—R/WE) ee td (¢—P3,QF) 
a) > aaa) 





td (¢—P3,aF) 


r 


td (¢—P3,Q) 
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In memory expanding mode and microprocessor mode 


Port PO output 


Port P1 output 


Port P2 output 


Port P2 input 


Port P3p output (R/W) 


Port P3, output (SYNC) 


td ( @—POA) 


x 
SZ 


td (@-P1A) 


a 
SZ 









td (¢—P2Q) S td ( ¢—Pp20F) 
™ 


i th (¢—-P20) 


tsu (P2D— 4) 


| 


td (¢—R/w) 


a 


Lf} 


a 
oy, 
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DESCRIPTION : 

The M37413E6HFS, M37413E6HXXXFP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. M37413E6HXXXFP is housed in a 80-pin shrink plastic 
moided QFP. M37413E6HFS is housed in a 80-pin ceramic 
QFP. The features of this chip are similar to those of the 
M37413M4HXXXFP except that this chip has a 12288 bytes 
PROM built in. This single-chip microcomputer is useful for 
home electrical appliances and consumer appliance con- 
trollers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory-map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

The M37413E6HFS is the window type. The differences be- 
tween the M37413E6HXXXFP and the M37413E6HFS are 
the package outline and the power dissipation ability 
(absolute maximum ratings). 


FEATURES 
. ) Number of basic instructions Coc eer ew ce wwe veseeeeroerneeeeeseeee 69 
@ Memory size PROM oo fel oriole ee esws's Leh-ele Sie le, Sieve-tye/e wieebele e246 12288 bytes 


RAM Serre rere eee ee ee ee ee ee 256 bytes 
® Instruction execution time 
(minimum instructions at 4MHz frequency) 


at high-speed Mode vss eee 2us 

at IOW-SPEEd MOE vrrrrrrreres teste tt tet terete tt tet teens Bus 
® Single power supply 

M37413EGHXXXFP veesreccceterte eet e tees eee enes 25~5.5V 

M3741 3EGHFS reer cece ect ete teeter e ene e teen ees ceees 45~5.5V 


@ Power dissipation 
normal operation mode (at 4MHz frequency) 
Lis liceuu@ar te Ruka kas V Osea ra Reine en 15mWw (Vec=5V, Typ.) 
low-speed operation mode (at 32kHz frequency for 
clock function) -:1rtrrsrrrtertee 54uW(Voc=8V, Typ.) 


@ RAM retention voltage (stop mode) 

POULT eRTER TETRA eae eT Ee a OO oe 2.0VS Vram=5.5V 
@ Subroutine nesting - 7c 96 levels (Max.) 
e@ Interrupt Creer oe ne were rene eerereeeereeresesenere 10 types, 5 vectors 
@ 8-bit timers: 4 (3 when used as serial I/O) 
@ 16-bit timer cece eee eee eee ee teen enter ante eeeeeseaes 1 
@® Programmable I/O ports 

(Ports PO, P1, P2, P3, P5, P6, P7):rree 56 
@ Input port (Port P4) crcrcecrteeet ee ee ec et ee ee nett neee tees eeneeerees 8 
@ Serial 1/O (8-Dit) creer eee terete eee e eect ete ne eet ee eee ee rene ees 1 
@ A-Dconverter::::::7:7+7+°°: 8-bit, 8-channel 


conversion speed (49.5us) 
@ Two clock generating circuits . 
(One is for main clock, the other is for clock function) 
@ PROM (equivalent to the M5L27128) 
program voltage ee ee rr ee ee 21V 





PIN CONFIGURATION (TOP VIEW) 


P4./INg > ay 
P4,/INs =. 
P4)/IN4 > 


P5¢/PWM2 + [10] 
P5</PWM1 + [1] 


djaxXXXH9AElLPLEW 


+> P03/A3 
+> P0,/A, 


P34/Sin [41] <> PO;/As 


3 | 
o> {$I 
1+ [8] 
ot [8] 


P15/A13*> 

P14/A 

P13/A 

P10/A 
P14/Ag +> 
P19/Ag ++ 
PO7/A7+> 
P06/Ag + [3 | 


‘ 


Voc 
P5;/PWM3 + 
P5¢/PWM2 + 


P5,/PWMO + [14] 
P5,/SIG + 
P52/CNT2/CE + [15] 
P5,/CNT,/OE +> 
P5)/INTs/PGM + [i] 


++ P2-/Ds 
+> P2,/De 
49] +> P2,/D7 
48] > PQ_/Ag 
+> P0,/A, 
46] <-> P02/A2 
+> P03/A3 
44] > P04/A4 
+> P0s/As 
+> P0¢/Acg 
+> P0;/A;, 


= 
or) 
™] 
> 
Cd 
wo 
m 
2) 
< 
a 
” 


P36/CLK +> 
P36/Sour + 

P3,4/Sin - 
P33/T + 

P32/INT2 + 


Ss] 
33] 


P31/Xcin 

P30/Xcout + 
CNVss/Vpp 

P1 3/Ay qe 

P1 2/A10 — 

P1 1/Ag — 


Outline 80S6 (Window) 


NC : No Connection 


APPLICATION 

Audio-visual equipment, VCR, Tuner, 

Office automation equipment, 

Camera 
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Clock Clock Timing Reset 
input Output output input 
Xin Xout ¢ INT, RESET 
o 8 ae aes eed 
Clock if ai 











Processor 
status 
register 
PS(8) 


generating 
circuit 


Program 


Program 
counter counter 
PCH(8) PC_(8) 





Xcin Xcout 






RAM 
256bytes 





Index 
register 


Index 
register 





Dl¥.LOAaTa 
IHSIGNS_LIW r 


P4(8) P2(8) Po(8) 8 
sue 
ie same v0 8152 nh 
- CORN BIDOOIDOYXKOD - CNAME III — = ATASAIOIG HIEIHEI CY32VICFIBIOE ICS) CHANG VAZ4A4SAO— — ———_——__ - 
VY en ed Sg He —___—__—_—- —————~_ -—_—_ ” ee ee 
1/O port P6 Input port P4 i/O port P3 1/O port P2 1/O port P1 I/O port PO 


6bb—€ 





XCOUT 
P3(8) 8 
SS = & [ Sa ii 
; PO 


Reference 
voltage input 


Vss AVss Veer 
-~6-——-@- - 











Voc AVcc 
-@©—@—- 


CNVss 


Stack 
pointer 
S(8) 













ey on wake up(8) : 


A | zl 


| ig: | Key on wake up(8 


diXXXHOWETPZEW 1° NOISUSA WOUd 


SAHSACTPZEW 
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FUNCTIONS OF M37413EGHXXXFP 


Parameters Functions 


Instruction execution time -2us (minimum instructions, at 4MHz of frequency) 














‘Memory size 
Zebbytes 
| PO, P2, P7 | VO —_| 8-bitX3 (CMOS output 


’ ’ 1/0 7 ) 
P1, P3, P5, P6é 8-bitX<4 (N-channel open drain output) 

Serial I/O 8-bitX 1] 

8-bit timerx4 
Timers 

16-bit ttmerX1 
Subrotine nesting 96( max) 
Three external Interrupts, three timer interrupts (or two timer, one serial 1/O) 


Clock generating circuit Two built-in circuits (ceramic or quartz crystal oscillator) 
Operating temperature range —10~70°C 


Input/Output port 
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Input/ F 
Functions 
Output 





PIN DESCRIPTION 












Vcc: Single-chip Power supply Supply 5V+5% to Vcc and OV to Vss 
Vss /EPROM 
CNVss/ Single-chip 


input Connect to Vpp when programming or verifing 


To reset, keep this input terminal low for more than 164s (min) under normal Voc 
conditions If more time is needed for the crystal oscillator to stabilize, this “L” con- 
dition should be maintained for the required time. 


Reset input 













RESET Single-chip 


















Single-chip 
/EPROM 


These are |/O pins of internal clock generating circuit for main clock To control 
generating frequency, an external ceramic or a quartz crystal oscillator is connected 
between the Xi and Xour pins !f an external clock is used, the clock source should 
be connected the Xj pin and the Xour pin should be left open 


Xout 


INT, Single-chip Interrupt input 


Connect to 0V 


x ¢ 
2 v 








PQ o~~ PO, Single-chip 1/O port PO 1/0 Port PO 1s an 8-bit I/O port with directional registers allowing each 1/O bit to be indi- 
vidually programmed as input or output At reset, this port is set to input mode The 


output structure is CMOS output 


Address input Ap~Az tnput | PO works as the lower 8 bit address input (Ap~ Az) 


I/O port P1 


Plo~P17 Single-chip Port P1 is an 8-bit 1/O port and has basically the same functions as port PO 


The output structure is N-channel open drain 


P19>~P15 works as the higher 6 bit address inputs (Ag~ A;3) 
Connect Plg~P17 to Vss 


Address input Ag~Aj43 





P29-~P27 Single-chip I/O port P2 1/0 Port P2 is an 8-bit I/O port and has basically the same function as port PO 
Also all bits are for key on wake up input pins. 


Data input/ 1/0 Port P2 works as an 8 bit data bus (Do~D7) 


output Do~ D7 





P30~ P37 Single-chip I/O port P3 /O Port P3 is an 8-bit I/O port and has basically the same functions as port PO 
When serial I/O ts used, P37, P3g, P35 and P34 work as Srapy, CLK, Sour, and Sin 
pins, respectively Also P33, P32, P3;, and P39 work as timer 4 overflow signal di- 
vided by 2 output pin (T), INT2 pin, Xcin and Xcour pins, respectively 


input port P4 Port P4 ts an 8-bit input port. P49~P4, work as analog input pin INg~IN7 


Connect to Vss 


INg~ IN? Single-chip Input port IN Input These are analog input pin 













P45~ P4, Single-chip 





, 


P59 P57 Single-chip 1/O port P5 1/0 


Select mode Input Connect to Vss 


Ny 


Connect to Vss 


Port P5 is an 8-bit |/O port and has basically the same function as P1 P5o, P5;, P52 
and P53 are in common with INTs, timer3 input, timer5 input and A-D trigger input, 
respectively. 
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PIN DESCRIPTION (Continued) 


4 
' 


Input/ ' 
Functions 
Output 
P69~ P67 Single-chip 1/O port P6 Port P6 1s an 8-bit I/O port and has basically the same functions as port P1 
P79™~P77 Single-chip 1/O port P7 Port P7 is an 8-bit |/O port and has basically the same functions as port P2 


Input port P7 input Connect to Vss 


AVcc /Single-onp Analog voltage input Analog voltage input pin for A-D converter 
AVss Single-chip Analog voltage input Input Connect to Vgs. 
/EPROM 


VReF Single-chip Reference voltage Reference input pin for A-D converter. 
input 
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EPROM MODE 

The M37413E6HXXXFP, M37413E6HFS feature an EPROM 
mode in addition to its normal modes. When the RESET 
signal level is low (“L”), the chip automatically enters the 
EPROM mode. Table 1 list the correspondence between 
pins and Figure 1, Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P59 ~ P52, and CNVss are used for the PROM 
(equivalent to the M5L27128). When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscillator 
should be connected to the Xiy and Xour pins, or external 
clock should be connected to the Xj pin. 





P4,/INg 
P4,/INs > 


P5,/PWM3 + [9 
P5,/PWM2 + [10 
P5,/PWM1 + [it 
P5,/PWMO + [12 

P53/SIG 

GE) — P52/CNT2/CE + [14 
—P5,/CNT,/OE 
€Gi) — P5p/INT3/PGM > 


P3¢/CLK +> [18] 


P3,4/Sin — 


BG 


Cc) : Same functions as M5L27128 


Fig.1 Pin connection in EPROM mode 





M37413E6HXXXFP 





Table 1. Pin function in EPROM mode 


ent 


M37413E6HXXXFP, 


M5L27128 
M37413E6HFS 


ies 
Ver CNVes/Ver 


(a 





P5)/PGM 


54]-+<> P25/Do — 


Bi] ++ P2,/D3 — 
50] +> P2,/D, — 
3] +> P2./D; — 
48] <> P2./D,-—— 
+> P2;/D; — 
a] <> POo/Ay — 
45 | - PO,/A, rie 
- PO2/A, oo 
= P04/A, — Cag) 
+> POs/As — Cas 


HPQG9POGOPHOE) 


Ei 

3 

> 
&€) 


D) —— PO.g/Ag «<> ei 
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Voc 
P57/PWM3 «> 
P5¢/PWM2 +> 
P5,/PWM1 «> 
P5,/PWMO «+> 
P5,/SIG + 
— P5_/CNT2/CE +> 
—~ —~ P§,/CNT,/OE +> 
—P5o/INT3/PGM <> 
— P87/Srapy +> PQ2/Ao — (<3) 
P3./CLK <> 45 | <> PQ3/A3 — Cas) 
ety - 44] <> P0,/A4— 

P3,/ in “> 

P33/T > 42] > PO.¢/Ag — 


P30/INT2 «> at} +> PO7/A7 — Gay 


SAHOAELYZEW 


Ei 
3 
Ej 
[S| 
iS] 
3 | 
Fa 


Pig - 


P31/Xcin «+ 
INT, + 

—— CNVss/Vpp 
Xout + 

Vss 
P17 + 
—— P15/Ai3 <> 
== P1 4/A42 -> 
—— P13/Aqy1 <> 
—- P1o/Ai9 <> 
os P11/Ag _> 


P30/Xcout <— 
— P19/Ag «> [8| 


O———_—— Xin > 


ss) 


ep) 


Cc) : Same functions as M5L27128 





Fig.2 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING NOTES ON HANDLING 








Reading (1) Sunlight and fluorescent light contain wave lengths 
To read the PROM, set the CE and OE pins to a “L” level, capable of erasing data. For ceramic package types, 
and the PGM pin to a “H” level. Input the address of the cover the transparent window with a seal (provided) 
data (Ap~Aj3) to be read and the data will be output to the when this chip is in use. However, this seal must not 
I/O pins Dyo~ D7. The data I/O pins will be floating when contact the lead pins. 
either the CE or OE pins are in the “H” state. (2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
Writing these stains are not removed, complete erasure of the 
To write to the PROM, set the CE pin to a “L” level and the data could be prevented. 
OE pin to a “H” level. The CPU will enter the program (3) Since a high voltage (21V) is used to write data, care 
mode when Vpp is applied to the Vpp pin. The address to should be taken when turning on the PROM writer’s 
be written to is selected with pins Ag~Aj,3, and the data to power. 
be written is input to pins Do>~Dy7. Set the PGM pin to a “L” (4) For the programmable microcomputer (shipped in 
level to begin writing. blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
Erasing cess and following processes. To improve reliability af- 
Data can only erased on the M37413E6HFS ceramic pack- ter write, performing write and test according to the 
age, which includes a window. To erase data on this chip, flow below before use is recommended. 


use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W:s/cm?. 


Functional differences from M37413M4HXXXFP 
(excluding characteristic differences). 


fs M8741 3M 4HXXXFP M37413E6HXXXFP 
Option Not provided 

Option Not provided 
Option Not provided 
Option Not provided 



























Option Not provided 
Option Not provided 





Note : Since the screening temperature is higher than 
storage temperature, never expose to 150° ex- 
ceeding 100 hours. 


Not provided 
Not provided 
Provided (all bits) 


Provided (all bits) 


Table 2. 1/O signal in each mode 


Wie Puss Win=sVad | Ver co tpt | 
vee ce tpt 


Note 1: Vy, and Vi, indicate a “L” and “H” input voltage, respectively. 
2 : An X indicates either V,. or Vin 

















(8) 
V Cc 
V Cc 
V c 
V Cc 


IL. 
IL 
IL 
IH 
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ABSOLUTE MAXIMUM RATINGS 


Veo | Stppty votage ee ee 
Analog supply vege =0.3=7 


Input voltage POg~P0,, P29>~P27, P39, P3;, P4p~P4z, 0. 3~Va-+0. 3 
P79~P77, INo~IN7, Vaer, Xin ania 
Input voltage CNVsg, (Note 1) 037 
Ta = 25' 











P69~P67 
Output voltage PQg~P07, P29~P27, P3p, P3;, P7o~P77, 
Xout 


Voc 
Input voltage INT;, RESET, P19>~P17, P3:~P37, P5y~P5z, 
Vo 


Output voltage P1p~P17, P32~P37, P59~P57, P6g~P67 


Note 1 : In PROM programming mode, CNVsgg is 21. 0V | 


RECOMMENDED OPERATING CONDITIONS (vcc=5V+5%, Ta=—10~70, unless otherwise noted) 


Symbol Parameter Conditions 


f(Xiy) =4MHz Normal mode or 
(Xin) =2MHz High-speed mode (Note 2) 











< 
TC 


Zola 
QO miu 
= 

Bi 
mo 
onion 
ie 









Supply voltage (Note 1) 





Supply voltage 


“H” input voltage POg~P07, P3p, P31, P49~P4z, 
, 0. 7Vcc 
Xin, CNVsg (Note 4) 


[Vin | “H” input voltage P1g~P17, P5;~P57, P6y~P67, Sin 0. 7Vcc 


“H” input voltage Po, INT;, INT2, INT3, P32~P3;, 
0. 8Vcc 
CNT;, CNTo, SIG, CLK 


| Vin __| “H” input voltage RESET, Xoin 


“L” input voltage PQgo~P07, P19~P17, P3p~P37, 
P49 P4,, P51:~P5y, P6~P67, Sin 








< 
QO 
9) 








Me | “L” input voltage P2>~P27, P59, P7>~P77, INTy, INTo, 

















Vin 

Vin INTs, CNT;, CNT2, SIG, CLK 

“L” input voltage RESET, Xin, Xcin 

| mA 
Xour (Note 5) 
“L” output current PQp~P07, P29>~P27, P3p~P37, 
low P5o~P57, P69~ P67, P7o~P77, 1 an 

Xout, PWMO~PWM3, T, 
Sout, CLK, Srpy, SIG (Note 6) 

“L” output current P19p~P17 (Note 7) a ae 

FHXn) | Glock oscilatng hequency ——=SsSC~=“~*‘“*é~iYSC‘CS(éSSOOOOOOOOOC#*€;«COR |i 

| f(Xciny_| Clock oscillating frequency for clock function | a 

Note 1 © When only maintaining the RAM data, minimum value of Voc Is 2V 

: We Say the high-speed mode, when the system clock is chosen X,\/4, and the normal mode, when the system clock is chosen X;y/16 

In case M37413E6HFS, 4. 5V 

When P3 is Xcin Mode, the limits of V4 of P3,; is 0. 85VeoSVinSVoc, OS Vit SO. 15Voec 

Total of lon(peak) Of ports PO, P2, P7 and Xour is less than 35mA. 

> Total of lo.(peak) of ports PO, P2, P3, P5, P6 and P7 is less than 32mA 

Total of lo.(peak) Of port P1 is less than 80mA 

Total of lo.(avg ) Of port P1 is less than 40mA. 


~S OO OF & W DP 





7 MITSUBISHI 
eae . are MTSE 


MITSUBISHI MICROCOMPUTERS 


M37413EGHXXXFP 
M37413E6HFS 


PROM VERSION of M37413M6HXXXFP 





ELECTRICAL CHARACTERISTICS (Ta=—10~70°, Vss=0V, unless otherwise noted) 


Parameter Test conditions 


“H” output voltage PQ9~P07, P29~P27, P7p>~P77 Voc=5V, lon=—0. 5mMA 
“H” output voltage Xour Voc=5V, lon=—0. 3mA 
“L” output voltage PO p~PO7, P29~P27, P389~P3,, 
P59~P57, P6g~P67, P7p>~P77, 
T, Sour, CLK, Sroy, 
SIG, PWM0~PWM3 


“L” output voltage P1lop~P17 Voc=5V, Io. =20mA 
“L” output voltage Xout Voc=5V, lo. =0. 3mA 


Hysteresis INT), INTo, INT3, CLK, CNT,, CNTo, 
Vr4+—Vr— Vec=5V 
SIG, Sin, P29~P27, P7o~P77, Xcin 
V+4+—-V7—| Hysteresis RESET Vec=5V 
Hysteresis Xin Vec=5V 
“L” input current {PO9~P07, P19~P17, P29~P27, 
P39~P37, P4p~P43, P5p~P5z, 
hie P69~ P67, P7>~P77} 
Without pull-up Ty (Note 1 ) 
ah INo~INz, INT;, RESET, Xin 
“H” input current POg~P07, P29>~P27, P39, P3:, 
P4y~P47, P7>~P77, INo~IN7, 
Xin, Xcin, CNVss 
“H” input current {P19~P17, P39~P37, P5g~P57, 
P69~P67} Without pull-up T;, 
INT,, INTs, INT3, CNT;, CNTo, 
SIG, RESET, Sin, CLK 














Voc=5V, loL= ImA 


























Vec=5V 
V,=0V 














Voc™=5V 
Vi=5V 

















Vi=10V 


f(Xin) =4MHz High-speed mode Voc=5V 


at operation ha a 
f(Xen ) =32kHz, Voc=3V 


Supply current 
a at wait state f(Xoin) =32KHz, Voc™=5V 
at stop state Voc=5V, all clock stop | Tg=25°C 
RAM retention voltage 


Note 1 : Also the same as when each pin ts used as INT3, INT3, CNT1, CNT2, SIG, Sin and Xin, respectively 




















A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss= 0V, Ta=25, f(Xin) = 4 MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions 


—— Resolution 


== Non-lineartty error Voc= Vrer=5. 12V 

















a Differential non-linearity Voc™= Vrer=). 12V 

















Vot _| Zero transition error Voc™=Vrer=). 12V 





Vest Full-scale transition error Voc™=Vrer=5. 12V 
Tc Conversion time Voc=5V High-speed mode 














lReF Reference input current Vrer=oV 
Tt 
lin Analog port input current Vin=0~Vec 




















ViN Analog input voltage Voc=5V 


Reference input voltage ; Voc 
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DESCRIPTION 

The M37414E5-XXXFP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed ina 
72-pin plastic molded QFP. The features of this chip are 
similar to those of the M37414M5-XXXFP except that this 
chip has a 10240 bytes PROM built in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 

In addition to its simple instruction set, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- M37414E5-XXXFP 
able for small quantity production runs. 


PIN CONFIGURATION (TOP VIEW) 


—. P0o/Ao 
|= |< P14/A42 
S| <> P15/A43 


Ei 


FEATURES 
@ Number of basic instructions:::::\+:-77+s1rrrerr ee 69 
@ Memory size ROM Peer merce nm ere esc e verses svesere 10240 bytes 


gl 
= 
= 
= 
RO 


P4./ANg + [@ 


El 


P44/AN4 + [>] 


RAM SiO 60.8 6 O50 we lie ere ein 0/6 666 wie: O06 828.8 Ole 6 ecelele 160 bytes 
@ Instruction execution time 


P4,/AN,/OE +> 


P43/AN3 + [eo] 
P49/ANo/PGM <> 


P6,/Q <= 
P4./AN2/CE + [5] 


Single power Supply svrrtsteeertseeeetttee eters tees > BV+5% 


P47/AN7 <> 
P4c/ANs + 

NTR + 
P3./INTo 


P33/C 





@ Power dissipation 
normal operation mode (at 4MHz frequency) --:: 15mW 
@ Subroutine nesting - err 80 levels (Max. ) 
Mo eee 7 types, 5 vectors Outline 72P6 
® 8-bit timer::-° Fis Rivie bis we eee alers! oie bwin ele 0 ere ede ele Suaiele-eere swiss oie’ e.0-0e 8 o.aipiateers’ a 4 : is 
@® Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P7) wadud sks telah Mate a Reanseaas 46 
@ Input port (Port P5) E aaiee odie oe hem able wipes > pee eae Weleeemeaaue ewes vege 8 
@® Output port (Port PG) scree cece eet eter ents ee eee eeeeeeea seen eeee ees 5 
@ Serial |/O (8-bit) eiandipsei eck lev Godse ia Bw ieee: alalare vara draterine a s:8 are Bisa aia Selb 4s Seteratoe { 
@ A-D converter (8-bit resolution) --:7-7t 8 channels 
@ D-A converter (5-bit resolution) -s1: rrr 1 channels 
@ 8-bit PWM function 
@® Watchdog timer 
@ PROM (equivalent to the M5L27128) 
program voltage PrIrerrerr eer reer eee eee reer rere rr eee eee eer Tree 21V 
APPLICATION 


Office automation equipment 
VTR, Tuner, Audio-visual equipment 


\ 
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Clock Clock Timing 
1s input output output 
IN Xout 


8-bit 
arithmetic 


oe arte 
Ras ee lator ( 













| Clock generating circuit 


Watchdog timer 















Interrupt input Reset input 
INT, RESET Vss CNVsg 
= | = an == —— eS ; 
Processor Program Program Stack | 
status register| | counter counter pointer 
PS(8) PCy (8) PC, (8) 5(8) register (8) 
ee UJ 
ee 


ea] al 


| p76) | Tn Oe in 


Ul TT ee 
| linia 


Index 
register 
X(8) 








OUD OOO; ladle xX oe NAAN 5136137) (OG NI2) 
“1/0 port P7 | port = ee Bin Ngee ss Input port PS Input port P5 1/0 port P4 en P4 
port P6 
Reference 


voltage input 





register 
Y(8) 










ise 


ele 
1/O port ort PS 


anal 












Instruction ! 
decoder 


Control signal 


Caan. 
an Timer X 
| PRERTE | TX(8) 





I 
TMH Tn | POs) | | 


anna niga NENEIESENEOLOSEED — - 
~ VOpotP2 WOpotPi  ~‘W/OportPO 


dAXXX°SWPTPZEW 39 NOISHUSA WOUd 


diAXXX-SS3vTPLEW 
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FUNCTIONS OF M37414E5-XXXFP . 


areas |. ae NRSeY ____ ae eeeeoane 
Memory Size 

8-bitX5 (a part of P3 is in common with serial 1/0, timer I/O, and interrupt input) 
[aa FR SR a 
po SSSS*d ttn rx Ca part of PS we common with extemal ager output pin) | 
8-bitX1 


8-bitX1 
15-bitX 1 


Subroutine nesting 80 levels (max) 
Interrupt , Two external interrupts, three internal timer interrupts 
built-in (ceramic or quartz crystal oscillator) 
Supply voltage 5Vt5% 
Power dissipation at high-speed operation 
Input/Output voltage 


Operating temperature range —10~70°C 
Device structure CMOS silicon gate process 
72-pin plastic molded QFP 


Note 1 : The PROM programing voltage ts 21V (equivalent to the M5L27128) 
















Input/Output port 










Serial 1/O 
Timers 










A-D converter 








D-A converter 





Pulse width modulator 








Watchdog timer 


























Input/Output characteristics 
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PIN DESCRIPTION 


input/ 
Functions 
Output 


Voc: Single-chip Power supply Supply 5V+5% to Vcc and OV to Vss 
Vss /EPROM 


RESET Single-chip RESET input To reset, keep this input terminal low for more than 2us (min) under normal Voc 
conditions. If more time is needed for the crystal oscillator to stabilize, this “L” con- 
dition should be maintained for the required time 

a ee RESET input Connect to Vss 


Single-chip 





Connect to Vpp when programming or verifing 

























Clock Fotock most] Input Connect a ceramic or a quartz crystal oscillator between Xiy and Xoyr for clock 






/EPROM oscillation. If an external clock input is used, connect the clock input to the Xin pin 


and open the Xour pin. 





Clock output 












Single-chip Output For timing output 


/EPROM 


Single-chip Interrupt input Interrupt input INT}. 


Interrupt input Connect to 0V 


Timing output 





POo~~ P07 Single-chip 1/O port PO 1/0 Port PO ts an 8-bit I/O port with direction registers which can program each bit as 
input or output It 1s set to input mode at reset The output format is CMOS output 








EPROM Address input Ag~A;7 Input PO works as the lower 8 bit address input (Ap~ Az) 


Single-chip 1/O port P1 1/O Port P1 ts an 8-bit I/O port which has the same function as Port PO 


P29~P27 Single-chip 1/O port P2 


Data input/ 1/0 
output Do~ D7 


P39~ P37 Single-chip I/O port P3 


PROM | input Port P3 Input Connect to OV 


Single-chip 1/O port P4 Port P4 1s an 8-bit |/O port which has the same function as Port PO Ports P4;~ P45 
are common with Analog inputs AN7~ANo The output format is N-ch open drain 











P19~P15 works as the higher 6 bit address inputs (Ag~Aj43) 
Connect P1g~P17 to Vcc 


Address Input Ag~Ax13 













Port P2 ts an 8-bit 1/O port which has the same function as Port PO 








Port 2 works as an 8 bit data bus (Dg~D7). 





Port P3 is an 8-bit |/O port and has basically the same functions Port PO When se- 
nial 1/O 1s used, P37, P3.g, P35, and P38, work as Say: CLK, Sour, and Sin pins, re- 
spectively Also P33 and P32 work as CNTR pin and the lowest interrupt pin (INT2), 
respectively The output format is N-ch open drain 


Select mode P45, P4;, P4.) work as CE, OE and PGM inputs, respectively 
Connect P4s~P47 to OV and P4, and P43 to Vcc 


Single-chip Input port Input Port P5 is an 8-bit input port Ports P5;~P5, have edge sence functions. 












Input port 
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PIN DESCRIPTION (Continued) 





P609~™~ P64, Single-chip 


| P7o~P7s5 Single-chip 


A Single-chip 
V Single-chip 


Vss 
REF 
oe 





input/ 
P Functions 
Output 
Output port Port P6 is an 5-bit output port At external trigger output mode, P69 and P6; are in 
common with the trigger input pin (T) and the trigger output pin (Q), respectively 
The output structure is N-channel open drain. 


joupupor | apt | commesttooy 


1/O port 


i/O 
Analog voltage input input | GND pin for the A-D and D-A converters. 
Analog voltage input input | Connect to 0V 


Port P7 is an 6-bit I/O port and has basically the same functions as port PO 
The output structure of P79, P7,; is N-channel open drain, and the output structure of 
P72~P7s5 is CMOS output 





Reference voltage Referrence input for A-D and D-A converters 


input 


Reference voltage 
input 


Connect to 0V 


Output D-A converter output pin 

Output Connect to OV 

Pulse width modulation output pin (N channel open drain format) 
Connect to 0V 
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EPROM MODE Table 1. Pin function in EPROM mode 
The M37414E5-XXXFP features an EPROM mode in addi- a ee M37414E5-XXXFP 
tion to its normal modes. When the RESET signal level is aa eae eae 
low (“L”), the chip automatically enters the EPROM mode. vee__|_GNVae/Vee_| 


Table 1 list the correspondence between pins and Figure 1 
gives the pin connection in the EPROM mode. When in the 
EPROM mode, ports PO, P1, P2, P4g5~ P42, and CNVsg are 
used for the PROM (equivalent to the M5L27128). When in 
this mode, the built-in PROM can be written to or read from 
using these pins in the same way as with the M5L27128. 
The oscillator should be connected to the Xiy and Xouyrt 
pins, or external clock should be connected to the Xn pin. 





aRRAERRe — aaeaee | 


+ P0o/Ao 
+ PO, /Ay 
al *> P19/Ag 
+ P11/Ag 


81> P13/Aq4 
=> P14/A12 
™ P1s5/A13 


S| 
~~ 


P2,/D, +> [64 
M3741 4E5-XXXFP 


99 099O0H@® 


! 
cc 
EK 
z 


P33/C 


Vss 


Cc) : Same function as M5L27128 





Fig. 1 Pin connection in EPROM programing mode 
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PROM READING AND WRITING 

Reading 

To read the PROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ap~Aj;3) to be read and the data will be output to the 
I/O pins Dp~ D7. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 


Writing 

To write to the PROM, set the CE pin to a “L” level and.the 
OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ap~Aj;3, and the data to 
be written is input to pins Do~D7. Set the PGM pin to a “L” 
level to begin writing. 





Notes on Writing 

When using an PROM writer, the address range should be 
between 1800;, and 3FFF,,.. When data is written between 
addresses 0000,, and 3FFFi., fill addresses 0000,, to 
17F Fi, with 004,. | 


Table 2. I/O signal in each mode 


al oe 


Read-out 
. Programming 
Programming verify 
Program disable 


Note 1° Vj and V\y indicate a “L” and “H” input voltage, respectively 
2: An X indicates either V,, or Vyy 








OE( 
Vie 
Vin 


ae ae ee es eee Veo 
pe Pulse(Vin Vin) | Vee | co | np 
[ae eae aaa eat eee a ee ee 
co 


NOTES ON HANDLING 

(1) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(2) For the programmable microcomputer (shipped _ in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 


Writing with PROM writer 
Screening (Note) (Leave at 150°C for 40 hours) 
Verify test w 


ith PROM writer 












Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 










Floating 
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ABSOLUTE MAXIMUM RATINGS 


Veo | Bippiy waage =0.3~7 
Cv; [input vag Xe =0.3~7 


Input voltage POg~P07, Plo~P17, P29~P27, P4p~P47, 0. 3~Vec+0. 3 
—0.3~Vec 


P72~P7s5 
Input voltage P39>~P37, P5p~P57, P69, P7o, P7;, INT; With respect to Vss —0.3~13 
Input voltage CNVgs, RESET With the output transistor cut-off —0. 3~13 (Note 1) 


iT Vee a 

coe 
Output voltage POp~P07, Plo~P17, P29~P27, P4o~P47, 

pve | P72~P7s, Xout, %, D-A 0. 3~Voc +0. 3 Vv 

Pd pe 














Voc 
Vi 
Vi 
Vi 
Vi 
Vo 
Vo 





Output voltage P3y~P37, P6)~P64, P7o, P71, PWM 
Topr___| Operating temperature | 070 
| Tstg | Storage temperature | m5 


Note 1 : In PROM programming mode, CNVgzg is 22. 0V 





RECOMMENDED OPERATING CONDITIONS (Vcc=5v+5%, Ta=—10~70C, unless otherwise noted) 


| Veo __| Supply voltage 











































[Ves | Suppyvotage Ss=C=“‘“‘S*™*~*sSC*d 
FVner | Reference witageSSSC=~=~‘“~*~*~wdCS*‘ CS 
P39~P37, P4y>~P47, Pip~P5z, 
INT;, RESET, Xin, CNVsg, P69 
P7o>~P7s5 
“L” input voltage PQo~P07, Plo~P17, P29~P27, 
INT}, CNVss, P60, P7o~P7s 
Mia “L” input voltage RESET 0 
RM “L” input voltage Xin 
“L” peak output current POg~P07, Pl9p~P17, P29~P27, 








Vcc 
Vss 
“H” input voltage PQg~PO07, Plo~P17, P29~P27, 
Vin 
Vin P39~ P37, P4o~ P4, P5o~ P57, 0 
Vir 
Vit 



























lou(peak) P39~P37, P49 ~P47, P7o~P75 
(Note 2 ) 
15 
lou(peak)| “L” peak output current PWM, P6, (Note 2 ) 
“L” average output current POp~P07, Plg~P17, P29~P27, 
lo.(avg) P3o9~P37, P4o~P47, P7o~P75 





(Note 1 ) 


“L” average output current P6g~P63 (Note 1 ) 
“L” average output current PWM, P6, (Note 1 ) 


“H” peak output current P0y~P07, P1p~P17, P2>~P2y, ae 
P7.~P7s5 (Note 2 ) 
“H” average output current POQo~P07, P1o~P17, 
(Note 1 ) 
er eae! 


f( Xin) Internal clock oscillating frequency 


Note 1 : The average output currents lo-(avg) and lou(avg) are the average value of a period of 100ms 
2 : Do not allow the combined low- level output current of ports PO, P1, P2, P3, P4, P6, P7 and PWM 
to exceed 80mA. 
Do not allow the combined high- level output current of port PO, P1, P2 P72~P7; to exceed 50mA 
3: “H” input voltage of ports’ P3, P5, P69, P7o, P7; and INT; 1s available up to +12V 
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ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=OV, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 


| Limits 
a 
Typ 
“H” output voltage POQ9~P0Q7, P19o~P17, P29~P2, 
V loy=—10mA i] 
P7o~P75 lwntma | 
OH aS 


“H” output voltage ¢ lon=—2. 5mA 3 


“L” output voltage POg~P07, P1p~P17, P29~P2z, 
VoL lo. =10mA 
cae 


P39~P37, P4>~P47, P6y~P6s, 
P7o~ P75 
TvrsVeo [Heteress INT) CSC=‘“‘sdSSC*CSC“‘(N$NSSON#N”SC(“‘#§NNNNNSNUN VV 


Hysteresis P32 When used as INT» input 











Unit 













eA 
o 





Vr14+——-V7— | Hysteresis P33 When used as CNTR input 
V7+—Vy— | Hysteresis P6) When used as T input 





© 
ol 
= 
oil — 
= 
N 
<<< 


Hysteresis RESET 








=) 
as 
= 
oO 


















“L” input current PQgo~P07, Pip ~P17, P29~P27, 
P39~P3,, P49~ P47, P5o9~ P57, V,=0V 
P69, P79~P7s5, PWM 


jie “H” input current INT;, RESET, Xin, POo~P07, 


P1 a~ P17, P29~P27, P49~P47, 


































f 







¢%, Xour, and D-A pins 
opened, other pins at 
Vss, and A-D converter 
in the finished condi- 
tion. 


P72~P7s5 
f(Xin) =4MHz 
[Semmes | 
At clock stop 
rear | | 
At clock stop 
ewe | 












Supply current 




















Parameter 


Symbol 
Vrer= Voc 


a ae ou 
Fo Absolute accuracy [Vrer=Veo = (tst—‘“‘SOC*‘*” = 
a 
eel 









Resolution 








I+ 
Ww 





Ladder resistance value 2 
a aes ome ek eer nreionss 











D-A CONVERTER CHARACTERISTICS (Vcc=5vV, Vss=AVss=0V, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
Min. Typ Max 


| Error in full scale range Vaer= Voc +1 % 


Setup time 
Voc V 









; 








Output resistance 


















4 


Reference voltage 
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TIMING REQUIREMENTS 


Single-chip MOde (Vcc=5V+5%, Ves=OV, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 






Limits 


Symbol Parameter Test conditions Unit 


2 
3 







NO 
SJ 
oO 


tsu(pop— 4) Port PO input setup time 


Port P1 input setup time 


tsu(p2D— 4) Port P2 input setup time 





POP MPM TRL RD 
SINISE SN 
Ol/O;O!1o!|oa 


tsu(p3sp—¢) Port P3 input setup time 


Port P4 input setup time 
Port P5 input setup time 
Port P7 input setup time 
Port PO input hold time 
Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P7 input hold time 
External clock input cycle time 


External clock input pulse width 


ine) 
NINN TNT] MR ITN 
OO; OlOsjOlo|;|o;o 


N 
oO 
ro) 


External clock rising edge time 


nm] ro 


+4 
NJ 
oO 














f External clock falling edge time 


Eva-chip mode (Vcc=5V+5%, Vss=0V, Ta=25, (Xin) =4MHz, unless otherwise noted) 


Symbol 


tsu(eop—¢) Port PO input setup time 


Port P2 input setup time 






Parameter Test conditions 


NO] Nh 
POPP PR TN] NSN 
o};oO;o;o!|o 





ine] 
NJ 
oO 








Memory expanding mode and microprocessor mode 
(Vec=5V5%, Vss=OV, Ta=25C, f(Xin)=4MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


\ 


Port P2 input setup time 
Port P2 input hold time 
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SWITCHING CHARACTERISTICS 


Single-chip MOde (Vcc=5V+5%, Vss=0V, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 


Port PO data output delay time 
Port P1 data output delay time Fig 3 
Port P2 data output delay time 


td(¢—p3q) Port P3 data output delay time 

td(¢—p4aq) Port P4 data output delay time ae 
ig. 

td(¢—p6aq) Port P6 data output delay time 3 


; Port P7o, P7; data output delay time 
d(e-P7@) Port P72~P7; data output delay time Fig 3 


Eva-chip Mode (Vcc=5V+5%, Vss=OV, Ta=25C, f( Xin) =4MHz, unless otherwise noted) 














Symbol Parameter Test conditions 


L 





td(¢—poa) Port PO address output delay time 
td(¢—POAF) Port PO address output delay time 


Port PO data output delay time | 


td( ¢—poar) Port PO data output delay time 


Port Pi address output delay time | 
td(¢—p1aq) 























Port P1 address output delay time 


Port P1 data output delay time 
Port P2 data output delay time 
Port P2 data output delay time 
R/W signal output delay time 

R/W signal output delay time 

Port P3p data output delay time 
Port P39 data output delay time 
SYNC signal output delay time 
SYNC signal output delay time 
Port P3, data output delay time 


Memory expanding mode and microprocessor mode 
(Vec=5V+5%, Vss=OV, Ta=25C, f(Xin) =4MHz, unless otherwise noted) 


Symbol Parameter Test conditions Unit 


td(¢—poa) Port PO address output delay time Be 


ns 
Port P1 address output delay time ns 
d( ¢—P1A) P y Fig 3 | 250 | 




























































td(¢g—p2ar) | Port P2 data output delay time zal 
tac ¢_r/w) R/W signal output delay time | Bas 
I 
td(¢—syYnc) SYNC signal output delay time 9 a 








Max. 
250 
250 
Port P2 data output delay time | 300 
300 
250 














Fig. 2 Ports P3, P4, P6, P7>, P7, test circuit Fig. 3 Port PO, P1, P2, P7.~P7, test circuit 
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TIMING DIAGRAMS 










in single-chip mode ¢ 
ae tdi ¢—poa) 
tsu(pop— 4) 
Port PO input R 
th(¢—pop) 
a td(¢—P1q) 
tsu(P1D— 4) 
Port P1 input | 
th(¢—p1D) 
a td( ¢—p2aQ) 
tsu(p2p—¢) 
pg a 
Port P2 input ; 
thi g—p2p) 
ig td(¢—P3aq) 
tsucesp—9) 
Port P3 input i 
thi ¢—psp) 
ae td(¢—paq) 
tsu(pap—¢) 
ee 
Port P4 input ? 
thig—p 
tsu(psp—¢) a) 
SaaS 
Port P5 input 2 
thi ¢—psp) 
a td(¢—péa) 
cs ana a 
a). a 
tsu(p7D—¢4) 
Port P7 input } R 
th(¢—p7p) 
te 


(Xie) 
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In eva-chip mode 








td (¢—POAF) 


¢ 
ealey td ( ¢—Poa) a a) td ( ¢—Poar) 
Port PO output D Guay? , ey 
td (¢-P0a) : 
tsu (Ppop— 4) 
Port PO input ? 
th (¢—-PoD) 


‘ 
a td (¢—P1A) foe td (¢—P1AF) a td ( ¢—P10F) 
Port P1 output > {JV , ny ‘ 


td (¢—P1Q) 





tsu (P1D—¢) 


Port P1 input Q 
th ( ¢—P1D) 
tient td ( ¢-p20F) 
Port P2 output 


>, Gi. > Gap 
tsu (p20—¢) | , 
Port P2 input : 


tg (¢— R/WF) td (¢— P3,QF) 


th (¢—P2D) 





Port P39 output (R/W) N 


Port P3, output (SYNC) 


a td (¢—P3,0F ) 
>. 


td (¢—P3,Q) 
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In memory expanding mode and microprocessor mode 


td (¢—Poa) 


Port PO output 


F 


\Z 


td (¢—Pi1a) 


Port P1 output 4 






td (¢—P20F) 


td(¢—p20) 


<< 


Port P2 output 


tsu (p20—¢) 


Port P2 input 
th (¢—-p2p) 


<— td (¢—R/w) 


[yl 
ar 


i 


\/ 
\7 


Port P3y output (R/W) 


a 


Port P3, output (SYNC) 
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DESCRIPTION 

The M37420E6-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37420M6-XXXSP except that 
this chip has a 12288 bytes PROM built in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

The M37420E6SS is the window type. 


FEATURES 
e@ Number of basic instructions Sereerrree ree re ee eee er ee ee ee eee 69 
e Memory size ROM errr ee eee ee ee eee 12288 bytes 


RAM ELEN CC eee eR cee 256 bytes 
@® Instruction execution time 
meee 1us (minimum instructions at 8MHz frequency) 


e Single power supply eT Re Re rer 5V+t5% 
@ Power dissipation 

normal operation mode (at 8MHz frequency) ---- 30mW 
@ Subroutine nesting -------rr 96 levels (Max.) 
@ Interrupt ere ee ce re) rg types, 5 vectors ' 
e 8-bit 11100) 2) so 4 
@ Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P5, P6):--rrterrrreeetrterees 42 
@ input port (Port P5) Law ghad tga pons ne ee heer ner Rents ss RekNT EER ees 4 
@ Serial |/O (8/16-bit) ARR KREL Ka eS eRe aes RECS AOE NG heehee WoO 1 
@ A-D converter (8-bit)---- Sb Hiase had dicta be bh aibiow Wala ho a Hae See R alee ew Se Oe 4 
@ D-A converter (8-bit) Vin idte la iGiate, Sraialeioiareabisloloste ogi bs SSIS ESTERS Sie oer ote 2 
@ 14-bit PWM function 
@ Watchdog timer 
@ PROM (equivalent to the M5L27128) 

program voltage Shu eed Mise eGus Sack u ie cubeseae pisinw cess need ie 21V 
APPLICATION 


Office automation equipment 
VCR, Tuner, Audio-visual equipment 





34/2 


PIN CONFIGURATION (TOP VIEW) 


1/O port 

& P6,/DA> > 
P6)/DA, > 
P4,/AN, <> 
P4,/ANg, +> 
P4;/ANs > 
P4,/AN, +> 


P37/Sapy +> 


1/O port 
P 


P3,/CLK +> 
P35/Sour/CE — 
P3,/Siy/OE + 
P33/CNTR/PGM «> 
P32 +> 
P3,/INT> > 
P3,/INT, 
P57/PWM + 
I/O port P5./YPLS <> 
ea P5,/Q + 
P5,/VPLS + 
P53/T/ED3 > 
CNVss/Vep » 
RESET > 


4 
1/O port 
P3 


Input port P5 


Reset input 


Clock input 
Clock output 


Outline 
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49] <> P2,/D> 
48] +> P2,/D; 
+ P2,/D, 
46] +> P2;/Ds 
45] ++ P2,/De 
44] «> P2,/D, 
+> P0o/Ao 

++ P0,/A; 
41] +> PO./A> 
40} +> PO3/Ag3 
+> P0,4/A4 
+> P0;/As 
+> P0./Ag 
+> P0,/A;7 
+> P1o/Ag 


+ P12/Aio |1/0 port 
+> P15/A,, {P" 

+> P14/Ai2 

+> P15/Ai3 

+ P5,/EDo Input 

+ P5,/ED, port 

+ P5,/ED,| °° 


52P4B (OTP) 


5281 


(Window) 





M37420E6-XXXSP BLOCK DIAGRAM 








Clock input Clock output Reset input 
Xin Xour RESET Voc Vss CNVss 
Data bus 














RAM PROM Instruction 
256 bytes Program Program 12288 bytes register(8) 
counter counter 





PCi(8) PC, (8) 


ces Processor 
artamelic Accumulator status nee poe Index register Sek panies 
and A(8) register Y(8) 
logical unit PS(8) 


Instruction 
decoder 


Control signal 











Prescaler 
PRE3(8) 


, =) 
Prescaler Timer X 
PREX(8) TX(8) 
— CNTR | 
| 


| 

pe 
| aa 

= 

= e | P16) | x 


WN - RSMEANS 49596) —693)62030969 68620963 BIGOOOOE 


: ee Yt 
[oaks eS Cece. 19 I) 
Ce Sede tt 


= /O port P6 port P6 ey ae port P5 I/O port P4 OEE. port P3 1/O port P2 1/O port P1 mary ae port :Po. 







- 








way 


















V pulse 
Ypulse 
generator 


D-A Poon width 
converter(8) Poon 14) 











Ee 





is 





ELb—€ 
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FUNCTIONS OF M37420E6-XXXSP 


Number of basic instructions ae eee, 
Instruction execution time 1s (minimum instructions, at 8MHz frequency) 
Memory size 
PO, P1, P2, P3, P4, P54~P57, P6 1/0 8-bitX3, 6-bitX1, 4-bitx3 
Input/Output ports 
: P5o~P53 Input 4-bitX1 
Serial |/O 8-bitX1 or 16-bitX1 


Pulse width modulator 14-bitX1 































finterupt Two external interrupts, three internal timer interrupts (or timerX2, S 1/OX1) 
built-in (ceramic or quartz crystal osciilator) 
Input/Output characteristics | Input/Output voltage 
Package M37420E6-XXXSP 
Package 
M37420E6SS 


Note 1 : The PROM programing voltage is 21V (equivalent to the M5L27128) 
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PIN DESCRIPTION 


Input/ 
Functions 
Output 
Vcc: Single-chip Power supply Supply 5V+5% to Vcc and OV to Vsg This voltage can be used as reference vol- 
Vss /EPROM tage for A-D or D-A converter 
IN 








/Npp 
pom | Ver input | Connect to Vpp when programming or verifing 


RESET Single-chip To reset, keep this input terminal low for more than 2us (min) under normal Voc 


conditions If more time is needed for the crystal oscillator to stabilize, this “L” con- 
dition should be maintained for the required time 














RESET input 


















RESET input 


Clock input Input 


Output 


POo™~ PO, 
EPROM Address input Ag~A7 PO works as the lower 8 bit address input (Ap~A7) 
P1p~P15 Single-chip 1/O port P1 /O Port P1 is an 6-bit I/O port which has the same function as port PO 
EPROM | Address input Ag~Aj3 Input P19~P15 works as the higher 6 bit address inputs (Ag~Aj3) 


Single-chip 1/O port P2 1/0 


EPROM Data input/output Dp~D7 


Connect to Vss 


Connect a ceramic or a quartz crystal oscillator between Xin and Xouyr for clock 







Single-chip 
/EPROM 








oscillation !f an external clock input is used, connect the clock input to the Xiy pin 
and open the Xour pin. 















Clock output 















Single-chip 1/O port PO Port PO is an 8-bit I/O port with direction registers which can program each bit as 


input or output It is set to input mode at reset The output format is N-ch open drain 













1 
P2 5~P27 Port P2 is an 8-bit 1/O port which has the same function as port PO The output for- 


mat is CMOS 


Port 2 works as an 8 bit data bus (Do~D;) 


Port P3 is an 8-bit I/O port and has basically the same function as port PO When 
serial 1/O is used, P37, P3., P35, and P34 work as Sane: CLK, Sour, and Siw pins, re- 
spectively Also P33, P3; and P39 work as CNTR pin, INT2 and INT, respectively 
The output format is N-ch open drain 



























Single-chip 1/0 port P3 






























P35, P34 and P33 work as CE, OE and PGM inputs respectively Connect P3p~P32 to 
OV and P37 and P35 to Voc 






Input Port P3 





Port P4 is an 4-bit 1/O port which has the same function as port PO Ports para P4, 
are common with analog inputs AN7~AN, The output format is N-ch- open drain 
























1/0 port P5 














Single-chip 1/O port P4 1/0 
P55~ P53 Single-chip Input port P5 Input P59~ P53 are input port These port can be used as edge-sence input P5o~P5»2 de- 
tects rising edge, and P53 detects both rising and falling edge P53 is also common 
with external trigger output and V pulse, Y pulse generator trigger input 
| 
P54~ P57 Single-chip /O P5,4~ P57 1s I/O port and has basically the same function as port PO P57 is common 
with PWM The output format is CMOS output 
P65~~ P63 Single-chip 1/O port P6 Port P6 is 4-bit 1/O port and has basically the same function as port PO P69 and P6, 
are common with DA, and DA: respectively 
The output format is CMOS output 
EPROM Input Connect to 0V 
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EPROM MODE 
The M37420E6-XXXSP or M37420E6SS features an EPROM 
mode in addition to its normal modes. When the RESET 





signal level is low (“L”), the chip automatically enters the. 


EPROM mode. Table 1 list the correspondence between 
pins and Figure 1 and Figure 2 give the pin connections in 
the EPROM mode. When in the EPROM mode, ports PO, 
P1, P2, P33 ~ P35, and CNVss are used for the PROM 
(equivalent to the M5L27128) . When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscillator 
should be connected to the Xi, and Xouyr pins, or external 
clock should be connected to the Xj, pin. 


P6,/DA; 
P4,/AN7 > 
P46/AN, 
P4;/ANs > 
P4,/AN, + 
P3,/Srpoy 
P3,/CLK <> 
CCE) P3/Sout > 
P34/Sin 
aM) P3,/C NTR + 
P3. +> 
P3,/INT. 
P39/INT, 
P5,/PWM + 
P5./YPLS + 
P5;/Q 
P5,/VPLS + 
P53/T/ED3 > 
CNVss 
RESET > 
oscillating ee a toe a 
circuit OS Kour 
QS —————————— 


SS9sd0crZEW 


Ceramic 





Table 1. 


Pin function in EPROM mode 


M37420E6-XXXSP, M37420E6SS M5L27128 
ie ae ere ee 
Vs 








CNVss/Vpp 


Vcc 
Vpp 
les oe eS oe a VR = ed 
O 
0 
CE 
PGM 






[ce | VCE FCU| CE 
OE C| PSVOE | COE 
[PaM_— | P3/CNTR/PGM_ | PGM 





ni 


Voc 


49] +> P2,/D. 
48] +> P2,/D, 
+> P2,/D, 
46] ++ P2;/Ds 
++ P2,/Dz 
+> P2,/D, 
- PQo/Ao 


4ij+> P 0./ Ao 
40} +> PO3/As 
<> P0,/A, 
+ PO0;/As 
+> P06/Ag 
+> P0,/A7 


dSXXX-93502r ZEW 
LVUUUTVVRRRAAUUUUH 


+> P1./Aio 
> P15/A;; 
+ P14/A42 
+> P15/Ai3 
+ P5o/EDo 
+ P5,/ED, 
+ P5,/ED> 


JHO®) 


|) : Same function as M5L27128 


Fig. 1 Pin connection in EPROM mode 





3—476 
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PROM READING, WRITING AND ERASING 
Reading ee 

To read the PROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address of the 
data (Ag~Aj;3) to be read and the data will be output to the 
I/O pins Dp ~ D7. The data I/O pins will be floating when 
either the CE or OE pins are in the “H” state. 





Writing _ 

To write to the PROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ayg~Aj;3, and the data to 
be written is input to pins Do~D7. Set the PGM pin to a “L” 
level to begin writing. 





Erasing 

Data can only be erased on the M37420E6SS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W:s/cm?. 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 


Table 2. 1/O signal in each mode 






V 


n 
i IL 
Programming verify 
IH 






Note 1: Vi. and Vi, indicate a “L” and “H” input voltage, respectively 
2 : An X indicates either Vi, or Viy 


Tne Paget Vnev) |Vee Vee npet 


OE(12) PGM(13) Vpp(22) 
Vin 
x 


(2) Before erasing, the glass should be cleaned and stains 


such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 


(3) Since a high voltage (21V) is used to write data, care 


should be taken when turning on the PROM writer’s 
power. 


(4) For the programmable microcomputer (shipped in 


blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 


Writing with PROM writer 


Screening (Note)(Leave at 150°C for 40 hours) 


Verify test with PROM writer 






Function check tn target device 
Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 









Data I/O 
(44~51) 


Vee(52) 
V 
V 
V 


cc 
cc 
Voc 
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ABSOLUTE MAXIMUM RATINGS 












V 


Input voltage P2o~P27, P44~P47, P54~P5z, P6o~ PGs —0. 3~Vec+0. 3 
Input voltage POy~P07, P1p~P15, P3o~P37, P5o~P57 | With respect to Ves _ —0. 3~13 

Input voltage CNVsg_ With the output transistor cut-off —0.3~13 (Note 1) 
Output voltage P2y~P27, P4y~P47, P54~P57, Pby~P6; —0. 3~Veco+0. 3 
Output voltage P0g~P07, P19p~P15, P39~ P37 —0.3~13 
Teg [Peover despaton Td Tg 0009 
Operating temperature Pecans Sates erica etree =10~70 c 
Storage temperature icine are ener eraeirraniane =40~125 c 


Note 1 : In EPROM programming mode, CNVsgsz is 22. 0V 














RECOMMENDED OPERATING CONDITIONS (vcc=5v+5%, Ta=—10~70, unless otherwise noted) 






Symbol Parameter 


- 
< 
ne) 


NS 
ol 


< 
?) 
0 


Voc Supply voltage 4. 

Supply voltage 

“H” input voltage POp~P07, Plo~P15, P29~P2;, 
P3o9~P37, P44~P47, P5o~P57, 

P69~P63, RESET, Xin 





ss 





‘A 
N 
on 
< “ 


Vin 0. 8Vcc 









“L” input voltage POp~P07, Plo~P15, P29~P2z7, 





Vin P39~P37, P49~ P47, P5o~P57, 
P69~ P63, CNVss 


Vin “L” input voltage RESET 
Vie “L” input voltage Xin 


“L” peak output current POg~P07, Plp~P15, P29~P27, 
oL(peak) P39~P37, P4y~P4, (Note 2 ) 


“L” peak output current P6g~P63 (Note 2 ) ne eae se Ss 


, “L” average output current PQg~P07, Plg~P15, P29~P27, 5 A 
oL(avg) P3)~P37, P4y~P47 (Note 1 ) m 


louiavg) | “L” average output current P6o~P6s (Note 1 ) ee ee ee ee 


I “H” peak output current P29~P27, P54~P57, L1G A 
OH( peak) P6o~P63 (Note 2 ) 


“H” average output current P29~P27, P54~P57, —5 mA 
ontavg? P6y~P63 (Note 1 ) 
f(Xin) Internal clock oscillating frequency aa aes ae MHz 


Note 1 : The average output currents lo-‘avg) and lon(avg) are the average value of a period of 100ms. 
2 : Do not allow the combined low- level! output current of ports PO, P1, P2, P3, P4 and P6 to exceed 
80mA 
Do not allow the combined high- level output current of port P2, P5 and P6 to exceed 50mA 





= 
N 
< 
Oo 
fe 
< 





ad 
N 
< 
9 
0 
- 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 


se 
Symbol Parameter Test conditions Unit 
| Typ | 


“H” output voltage P2p~P27, P54~P57, P6>~P6s lon=—10mA tee 


“L” output voltage PO 9~P07, P19~P15, P29~P27, 
P39~ P37, P45~P4z, P54~P5r, loL-=10mMA 2 Vv 
P69~ P63 


V+4+—Vr— | Hysteresis P39, P3, When used as INT input kK 2 ie eae ee ae 
V1r+—-Vy— | Hysteresis P3¢. When used as CLK input /o3 | o8 | | vi | 


Vr4+—V7— | Hysteresis P33 When used as CNTR input 
Hysteresis P53 When used as T input 
Hysteresis RESET 
Hysteresis Xin 
“L” input current PQo~P07, Plo~P15, P29~P27, 
P3o9~P37, P49 ~P47, P59~ P57, 
P6o~ P63 

“L” input current RESET, iN 

“H” input current PQo~PO7, Pip~P15, P39 ~P37, 
P5o~ P53 

“H” input current INT;, RESET, Xin, P2o~P2r, 
P44~P47, P54~P57, P6g~P63 

RAM retention voltage At clock stop 


-|F 


<i< 





V.;=0V 


is 
> 


is 
> 


— || | al Bd 
on nm [oO on olN 


¢, Xour, and D-A pins 
opened, other pins at 
Supply current Vss, and A-D converter 
; in the finished condi- 
tion 


in 

a 
0 2 
reser omega 
ies odes apap se 


(Xin) =8MHz 
Square wave 


a 
> 





9} |o/o 
ine) _ Or] O1 

i) 

o;loajm 





Tye [Max 
(cena Ma 
es 
od 
jean 
ial 







Unit 






co) 


Ww 


LSB 
KO 
US 


oO 





V 





D-A CONVERTER CHARACTERISTICS (Voc=5V, Vss=AVss=0V, Ta=25C, f(Xin) =8MHz, unless otherwise noted) 


Wh x 


+S) 


Limits 
Typ 





Unit 


» 


i?) 


Setup time 
Output resistance 


be 1 





2 
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DESCRIPTION 

The M37424E8-XXXSP, M37524E4-XXXSP are single-chip 
microcomputers designed with CMOS silicon gate technol- 
ogy. They are housed in a 64-pin shrink plastic molded 
DIP. The features of these chips are similar to those of the 
M37424M8-XXXSP, M37524M4-XXXSP except that these 
chips have a 16384 bytes PROM built in. These single-chip 
microcomputers are useful for home electrical appliances 
and consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, these chips are 
suitable for small quantity production runs. 

The differences between the M37424E8-XXXSP and the 
M37524E4-XXXSP are noted below. The following explana- 
tions apply to the M37424E8-XXXSP. 

Specification variations for other chips are noted accor- 


dingly. 
M37424E8-XXXSP CMOS 


M37524E4-XXXSP N-channel open drain 









FEATURES 

®@ Number of basic instructions SeTerrrrr rere rr eee eee eee ee ee 70 
68 MELPS 740 basic instructions+ 2 multiply/divide in- 
structions 

@ Memory size =) =10) \ Pee 16384 bytes 


RAM Sai bsete eis nie/0Gie Weide 0 Sleia loin le Bee.bi6 wrer¥ 6-6 el oversees 256 bytes 
@ Instruction execution time 
e acrigin sieeieys 1us (minimum instructions, at 4MHz frequency) 


@ Single power supply eee c ec eercoereverecsoneevenseeseoeens 5V110% 
@ Power dissipation 

normal operation mode (at 4MHz frequency):::---- 30mWw 
@ Subroutine nesting sib:n cae Bie e sain iscereis Weise Haws evel oye 96 levels (Max. ) 
@ Interrupt POeTeeTeeeeeeerererere err er rere reer ee 16 types, 16 vectors 
® 8-bit timer rrr rr rrr rr rrr rr rr re er ee ee 4 
@ 16-bit timer TOOCPTELeVTTerrrrrrrerererrerrerrr errr rer rere eer eer ee eee eee 1 
@ Serial I/O (8-bit or 16-bit) Sinai o WON Wb:e Ua erelo ete en elena de utiaw eee Noakes { 
@ PWM output (14-bit) eRe Wedd euwte sige hse ste heabseecawebane wee te 1 
@ A-D converter (8-bit resolution) ----:+--s re 8-channel 
@® D-A converter (5-bit resolution) iasw aie esaceitie epi ola¥ diate e vice See aera y) 
@ D-A converter (8-bit resolution) spatpidhlave aid Aaraibuelatawipia sig eles. 61 Gis ease 9 
@® Watchdog timer 
@ External trigger output (1-bit) siSisle Se base Ouislea a Rewaietenie me seewee oe 6 | 
@ V pulse Y pulse generator 
@ Programmable |/O ports 

(Ports PO, P1, P2, P3, P4, P5, P6):: eRe RAS ae se 56 
@ PROM (equivalent to the M5L27256) 
@ Program V0.1 6 (0 |: eee ae a 12.5V 





_ MITSUBISHI 
pon ate MTSUBS 


MITSUBISHI MICROCOMPUTERS 


M37424E8-XXXSP 
M37524E4-XXXSP 


se eer 8 PROM VERSION of M37424M8-XXXSP,M37524M4-XXXSP 


P4,/AN, + 
P46/AN, ++ 
P45/ANs + [5, 
P4,/AN, + [6] 
P4,/AN, 
P4,/AN, + [8] 
P4,/AN, +9] 
P4o/ANo ++ {10} 
P6,/DA, + 
P6,/DA3 ++ 
P6;/DA2 > 
P6,/DA, > 


P63/CNTR, ++ 
P6,/CNTRy +> 
P6,/T/INT, + 
P6/INTy 
P5,/YPLS + 
P5,/VPLS + 


P5;/Q <> 


P5,/PWM + 


P53/INTs +> 
P52/INT, +> 
P5,/INT3 «> 
P5o/INT2 +> 
CNVss 
RESET > 


dSXXX-vAveSlEN 


dSXXX-S83rcrleWN 


PIN CONFIGURATION (TOP VIEW) 


64] +> P3o/Sin 

+> P3,/Sour 
+> P3./CLK 
61] +> P33/Srpy 
60] «> P3,/Tour 


Outline 64P4B 


APPLICATION 
Office automation equipment 
VCR equipment 





J103Ta 
IHSIGNSLIAN r 


I8y—€ 


M37424E8-XXXSP BLOCK DIAGRAM 


Clock 





Clock input output Timing output Reset input 
Xin Xout “ RESET Voc Vss CNVss 
= EE acl cesta ae treat Ose Stee 
Data bus 















P P cae instruction 
Teer bee ht 16384 bytes register (8) 
PC, (8) PC, (8) 


256 bytes 
Watchdog timer || 


Instruction 
decoder 
Timer X i X 
latch High(8) | latch Low(8 
Processor Stack ney : ania ; Control signal 
status pointer High(8 Low (8 


register PS(8) 





Accumulator 
A(8) 
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FUNCTIONS OF M37424E8-XXXSP 


| PROM ™~<“C~™~S~d Nts SSC~C~—“—~S~S 
Memory size 



























Watchdog timer 15-bitX 1 
Subroutine nesting 96 levels (max ) 





Interrupt 16 (external 8, Internal 8) 
Clock generating circuit Built-in (ceramic or quartz crystal oscillator) 
Supply voltage 5Vt10% 


Power dissipation 30mW (at 4MHz frequency) 
Operating temperature range —10 to 70°C 
Device structure CMOS silicon gate 


Package 64-pin shrink plastic molded DIP 


Input/ 
P Functions 
Output 


Power supply inputs 5V+10% to Vcc, and OV to Vss 











v 

























PIN DESCRIPTION 





Single-chip 
/EPROM 


meow foe | tenement 
Ec Coe ee 
on (etna | 


RESET Single-chip 


supply voltage 






Connected to Vss 










Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 4us 


(under normal Vcc conditions) If more time 1s needed for the crystal oscillator to 
stabilize, this “L” condition should be maintained for the required time 


Xin Single-chip Clock input 
/EPROM 


Single-chip Timing output Output 
/EPROM 


Single-chip I/O port PO 1/0 Port PO is an 8-bit |/O port with directional register allowing each I/O bit to be indi- 
vidually programmed as input or output At reset, this port is set to input mode The 
output structure 1s CMOS output 


EPROM Address input Ag-A7 nowt | PO works as the lower 8-bit address input 


















This chip has an internal clock generating circuit To control generating frequency, 
an external ceramic or a quartz crystal oscillator is connected between the Xjy and 
Xout pins. If an external clock is used, the clock source should be connected the 
Xin pin and the Xour pin should be left open 













This 1s the timing output pin 
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PIN DESCRIPTION (Continue) 


Functions 


Single-chip 1/O port P14 Port P1 is an 8-bit I/O port and has basically the same functions as port PO The out- 
put structure of M37424M8-XXXSP ts CMOS output and that of M37524M4-XXXSP 1s 
N-channel open drain output 





Address input Ag~A14 P1, to P1g works as the higer 8-bit address input 
Connect Vcc to P17 


Single-chip 1/O port P2 Port P2 is an 8-bit I/O port and has basically the same functions as port PO The out- 
put structure is CMOS output 


Data input/output P2 works as an 8-bit data bus 
Do~ D7 





Single-chip I/O port P3 Port P3 is an 8-bit 1/O port and has basically the same functions as port PO When 
serial 1/O ts used, P33, P32, P3;, and P39 work as Sapy, CLK, Sour, and Sin pins, re- 
spectively Also P34, works as Toyr pin The output structure is N-channel open 


drain 
| ee ee 





paees wees 
Select mode P33 and P3, works as CE and OE inputs respectively 
Connect Vcc to P39-P32. Connect Vss to P35-P37 








Single-chip 1/O port P4 Port P4 is an 8-bit I/O port and has basically the same functions as port PO P4p to 
P4;7 work as analog input port ANg to AN7 





EPROM input port P4 Connected to Vss 











Single-chip I/O port PS Port P5 is an 8-bit I/O port and has basically the same functions as port PO P57, 
P55, P5s, P54 and P53 to P59 are in common with the YPLS output, VPLS output, Q 
output, PWM output and interrupt input respectively 





on re 


EPROM Input port P5 Connected to Vss 








Single-chip 1/O port P6 Port P6 1s an 8-bit 1/O port and has basically the same functions as port PO P67 to 
P64, P63, P62, and P6;, P69 are In common with the D-A output, CNTR output and tn- 
terrupt input respectively 


+ 
eprom | Input port P6 Connected to Vss 
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EPROM MODE 

The M37424E8-XXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
low (“L”), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connection in the EPROM mode. When in the 
EPROM mode, ports PO to P2, P33, P34, CNVss are used for 
the PROM (equivalent to the M5L27256) . When in this 
mode, the built-in PROM can be written to or read from us- 
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the Xiy and Xoyr pins, or 
external clock should be connected to the Xj, pin. 





Voc 


P4,/ANs 
P4,/AN, 
—— P4,/AN3 
P4,/AN2 
P4,/AN, 
P49/ANg 
P6,/DA, 
P6,/DA3 > 
P6;/DA2 
P6,/DA, + 
P63/CNTR, 
P6,/CNTRo +> 
P6,/T/INT;, 
P6,/INTy > 
P5,/YPLS > 
P5./VPLS 
P5,/Q+ 
P5,/PWM + 
P53/INTs 
P5./INT, + 
P5,/INT3 
P5o/INT2 + 
CNVss 
RESET > 


Xin 


= 
io) 
ba | 
ol 
RO 
& 
m 
> 
x 
s 
S< 
n 
U 


Table 1. Pin function in EPROM mode 








dSXXX-8APevleEW 





ee 


Data 1/0 
CE 


I+ P34/Tour 





Ver 





+> P39/Sin 

++ P3,/Sour 
+> P3./CLK 
+> P33/Srpy 


+> P35 
+> P3, 
+ P3; 
++ PO, 
+> PO, 
++ PO, 
+ POs 
> PO, 
+> POs 
++ POs 
++ P07 
+ Plo 


eee) 


ttf 
U0 OU 
pp y 


Se ecaceecau 
Se 
7) 


: Same functions as M5L27256 


Fig.1 Pin connection in EPROM mode 
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PROM READING AND WRITING NOTES ON HANDLING 

Reading (1) Since a high voltage (12.5V) is used to write data, care 

To read the PROM, set the CE and OE pins to a “L” level. should be taken when turning on the PROM writer's 

Input the address of the data (Ap-A;,) to be read and the power. 

data will be output to the I/O pins Do-D7. The data I/O pins (2) The PROM of the blank or the one-time programmable 

will be floating when either the CE or OE pin is in the “H” version is not tested and screened after assembly. To 

state. ensure proper operation after writing, we recommend 
that the procedure shown below is used to verify prog- 

Writing ramming. 


To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ap-Ai4, and the data to be written is input to pins Do- 
D7. Set the CE pin to a “L” level to begin writing. 





Writing with PROM writer 
Screening (Note)(150°C for 40 hours) 
Verification with PROM writer 











Notes on Writing 

When using an PROM writer, the address range should be 
between 4000,, and 7FFF,.. When data is written between 
addresses 0000,— and 7FFFi., fill addresses 0000,, to 
SFFFi¢ with FF 46. aaa as 





Note : The screening temperature is far higher than the 
storage temperature. Do not leave the microcompu- 
ter at 150°C for longer than 100 hours. 


Table 2. 1/O signal in each mode 


Data I/O 
Mode (33 to 40) 
Read-out Output 














Output disable Floating 
Programming Input 

















Programming verify Output 


Program disable 


Note 1: Vj), and Vi, indicate a “L” and “H” input voltage, respectively 
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MELPS 740 CPU CORE BASIC FUNCTIONS 
Each series of the MELPS 740 Family uses the standard 
MELPS 740 instruction set. The functions of the MELPS 740 
CPU core are explained below. The multiply and divide in- 
structions are not available in every microcomputer, and the 
clock control instructions differ in each microcomputer. For 
details, refer to the table of machine instruction or the func- 
tional explanation of each microcomputer. 


CENTRAL PROCESSING UNIT (CPU) INTERNAL 
REGISTERS 

The central processing unit (CPU) has the six registers. 
Accumulator (A) 

The accumulator is an 8-bit register. Data operations such 
as data transfer, etc., are executed mainly through the 
accumulator. 

Index register X (X), Index register Y (Y) 
Both index register X and index register Y are 8-bit regis- 
ters. In the index addressing modes, the value of the 
OPERAND is added to the contents of register X or register 
Y and specifies the real address. 

These index registers also have increment, decrement, 
comparison, and data transfer functions to allow these reg- 
isters to take some of the functions of the accumulator. 
When the T flag in the processor status register is set to 





Fig. 1 MELPS 740 CPU register structure 


“1”, the value contained in index register X becomes the 
address for the second OPERAND. 

Stack pointer (S) 

The stack pointer is an 8-bit register used during sub- 
routine calls and interrupts. The stack is used to store the 
current address data and processor status when branching 
to subroutines or interrupt routines. 

The lower eight bits of the stack address are determined 
by the contents of the stack pointer. The upper eight bits of 
the stack address are determined by the Stack Page 
Selection Bit. If the Stack Page Selection Bit is “0”, then 
the RAM in the zero page is used as the stack area. If the 
Stack Page Selection Bit is “1”, then RAM in page 1 is 
used as the stack area. 

The Stack Page Selection Bit is located in the SFR area in 
the zero page. Note that the initial value of the Stack Page 
Selection Bit varies with each microcomputer type. Also 
some microcomputer types have no Stack Page Selection 
Bit and the upper eight bits of the stack address are fixed. 
The operations of pushing register contents onto the stack 
and popping them from the stack are shown in Fig. 2. 
Program counter (PC) 

The program counter is a 16-bit counter consisting of two 
8-bit registers PC,, and PC,. It is used to indicate the 
address of the next instruction to be executed. 


Accumulator 
Index Register X 
Index Register Y 


Stack Pointer 


Program Counter 


Processor Status Register (PS) 


Carry Flag 

Zero Flag 

Interrupt Disable Flag 
Decimal Mode Flag 
Break Flag 

Index X Mode Flag 
Overflow Flag 
Negative Flag 





ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 740 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


On-going Routine 


i 


Interrupt Request 
(Note 1) 


M (S) 


< (PCy) 


Execute JSR 
(S) + (S-1) 


M (S) + (PCy) M(s)=( 


= 
O 
— 


— (S-1 
Store Return Address ee (S) + (S-1) 
on Stack (Note 2) 


M(S) + ( 


O 

¢ 
= 
2 


M (S) + ( 


($) + (8-1) Rees 


Subroutine Interrupt 


Service Routine 


(S) = (S+1) 


Restore Return 
Address 


(S) — (S+1) 


(PC,) -—M (S) 
(PS) + M (S) 


(S) + (S+1 
(S) + (S+1) 


(PCy) — M(S) 


_ (S) + (S+1) 


(PCy) — M(S) 


Note 1 : The condition to enable the interrupt — Interrupt enable bit is “1” 
Interrupt disable flag 1s “O” 


Store Return Address 
on Stack (Note 2) 


Store Contents of 


-Processor Status 


Register on Stack 


| Flag “O” to “1” 
Fetch the Jump 
Vector 


Restore Contents of 
Processor Status 
Register 


Restore Return 
Address 


2 : When an interrupt occurs, the address of the next instruction to be executed is stored in 
the stack area When a subroutine is called, the address one before the next instruction 


to be executed Is stored in the stack area 
Fig. 2 Register push and pop at interrupt generation and subroutine call 


Table 1. Push and pop instructions of accumulator or processor status register 
feet ok ae eee oe oe el Push instruction to stack 
PHA 


PHP 








Pop instruction from stack 


PLA 





Accumulator 
Processor status register | 





PLP 
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Processor status register (PS) 
The processor status register is an 8-bit register consisting 
of flags which indicate the status of the processor after an 
arithmetic operation. Branch operations can be performed 
by testing the Carry (C) flag, Zero (Z) flag, Overflow (V) 
flag, or the Negative (N) flag. In decimal mode, the Z, V, N 
flags are not valid. 
After reset, the Interrupt disable (1) flag is set to “1”, but all 
other flags are undefined. Since the Index X mode (T) and 
Decimal mode (D) flags directly affect arithmetic opera- 
tions, they should be initialized in the beginning of a 
program. 
(1) Carry flag (C) 
The C flag contains a carry or borrow generated by the 
arithmetic logic unit (ALU) immediately after an arith- 
metic operation. It can also be changed by a shift or 
rotate instruction. 
(2) Zero flag (Z) 
The Z flag is set if the result of an immediate arithme- 
tic operation or a data transfer is “O”, and cleared if the 
result is anything other than “O”. 
(3) Interrupt disable flag (1) 
The | flag disables all interrupts except for the interrupt 
generated by the BRK instruction. 
Interrupts are disabled when the | flag is “1”. 
When an interrupt occurs, this flag is automatically set 
to “1” to prevent other interrupts from interfering until 
the current interrupt is serviced. 
(4) Decimal mode flag (D) 
The D flag determines whether additions and subtrac- 
tions are executed in binary or decimal. Binary arith- 
metic is executed when this flag is “O”; decimal arith- 
metic is executed when it is “1”. Decimal correction is 
automatic in decimal mode. Only the ADC and SBC in- 
structions can be used for decimal arithmetic. 


(5) 


Break flag (B) 

The B flag is used to indicate that the current interrupt 
was generated by the BRK instruction. The BRK flag in 
the processor status register is always “0”. When the 
BRK instruction is used to generate an interrupt, the 
processor status register is pushed onto the stack with 
the break flag set to “1”. The saved processor status is 
the only place where the break flag is ever set. 

Index X mode flag (T) 

When the T flag is “O”, arithmetic operations are per- 
formed between accumulator and memory, e.g. the re- 
sults of an operation between two memory locations is 
stored in the accumulator. When the T flag is “1”, direct 
arithmetic operations and direct data transfers are en- 
abled between memory locations, i.e. between memory 
and memory, memory and I/O, and I/O and I/O. In this 
case, the result of an arithmetic operation performed 
on data in memory location 1 and memory location 2 is 
stored in memory location 1. The address of memory 
location 1 is specified by index register X, and the 
address of memory location 2 is specified by normal 
addressing modes. 

Overflow flag (V) 

The V flag is used during the addition or subtraction of 
one byte of signed data. It is set if the result exceeds 
+127 to —128. When the BIT instruction is executed, 
bit 6 of the memory location operated on by the BIT in- 
struction is stored in the overflow flag. 

Negative flag (N) 

The N flag is set if the result of an arithmetic operation 
or data transfer is negative. When the BIT instruction is 
executed, bit 7 of the memory location operated on by 
the BIT instruction is stored in the negative flag. 


Table 2. Set and clear instructions of each bit of processor status register 
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ADDRESSING MODE 

The MELPS 740 Family has 17 addressing modes and a 
powerful memory access capability. 

When extracting data required for arithmetic and logic op- 
erations from memory or when storing the results of such 
operations in memory, a memory address must be speci- 
fied. The specification of the memory address is called 
addressing. The MELPS 740 Family instructions can be 
classified as 1-byte, 2-byte, and 3-byte instructions. In 
each case, the first byte is known as the OPCODE which 
forms the basis of the instruction. A second or third byte is 


1-byte instruction 2-byte instruction 


3-byte instruction 


called an OPERAND which affects the addressing. The 
contents of index registers X and Y can also effect the 
addressing. 

Although there are many addressing modes, there is always 
a particular memory location specified. What differs is 
whether the operand, the index register contents, or a com- 
bination of both should be used to specify the memory or 
jump destination. Based on these 3 types of instructions, 
the range of variation is increased and operation is en- 
hanced by combinations of the bit operation instructions, 
jump instruction, and arithmetic instructions. 


Index registers 


Operand I 


Operand II 


Instruction byte configuration 


Fig. 3 
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Name : Immediate addressing mode 
Function :The OPERAND follows’ im- 
mediately after the OPCODE. 


Instructions : ADC, AND, CMP, CPX, CPY, Memory 
EOR, LDA, LDX, LDY, ORA, 
SBC 

Example : Mnemonic Machine code 


ADC +$A5 69, A54¢ 









OPCODE (69,.) 
OPERAND (A546) 


A-A+C+ re 


Name - Accumulator addressing mode 

Function =: The operation is performed on 
the accumulator. 

Instructions : ASL, DEC, INC, LSR, ROL, 





Bit 7 Bit 0 





ROR 
Example ° Mnemonic Machine code 
ROL A 2Ax6 Carry flag Accumulator 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions : 


: Mnemonic Machine code 


: Zero page addressing mode 
: The operation is performed in 


zero page memory (00,4. to 
FF 16) Memory 
ADC, AND, ASL, BIT, CMP, 
COM, CPX, CPY, DEC, EOR, 
INC, LDA, LDM, LDX, LDY, pegide 


LSR, ORA, ROL, ROR, RRF, a~atc+[ pata ]~ 


SBC, STA, STX, STY, TST 


00:6 


ADC $02 6516 0216 


Zero page 
specification 









OPCODE (6546) 
OPERAND (02;.) 


. Zero page X addressing mode 
: The operation is performed on 


the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 
ADC, AND, ASL, CMP, DEC, 
DIV, EOR, INC, LDA, LDY, A~A+C+[ Data ]— 
LSR, MUL, ORA, ROL, ROR, 
SBC, STA, STY 


00,6 





04:6 











— ap ae ap ae FF. 
Example ‘Mnemonic Machine code Zero page X 
ADC $1E,X 7546 1E:6 specification 
Contents of 
index register X 
OPCODE (754.6) 
OPERAND (1E;.) + = 1 
[Eee | = 1, 
Ignored 
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Name 
Function 


Instructions : 
Example 


Name 
Function 


Instructions : 


Example 


: Zero page Y addressing mode 
: The operation is performed on 


the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 
LDX, STX 


: Mnemonic Machine code 


LDX $02,Y B6,¢ 0216 


- Absolute addressing mode 
- The operation is performed on 


the memory whose address is 
specified by first and second 
OPERAND. 

ADC, AND, ASL, BIT, CMP, 
CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LDA, LDX, LDY, 
LSR, ORA, ROL, ROR, SBC, 
STA, STX, STY 


: Mnemonic Machine code 


ADC $AD12 6Di¢ 12), AD4, 





0016 





Zero page 






E816 


Zero page Y 
specification 


Contents of | 
index register Y 






OPCODE (B6,,) 
OPERAND (0246) 





Memory 


OPCODE (6D,.) 
OPERAND I (12,,) 
OPERAND IL (AD,4¢) 








Absolute 
specification 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions : 


: Absolute X addressing mode 
: The operation is performed on 


the memory location whose 
address is specified by adding 
the contents of index register X 
to the value indicated by the 
first and second OPERAND. 

ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA 


: Mnemonic Machine code 


ADC $AD12,X 7D,6 1246 AD4« 


: Absolute Y addressing mode 
- The operation is performed on 


the memory location whose 
address is specified by adding 
the contents of index register Y 
to the value indicated by the 
first and second OPERAND. 
ADC, AND, CMP, EOR, LDA, 
LDX, ORA, SBC, STA 


Memory 


OPCODE (7D4.) 
OPERAND I (12;.) 
OPERAND II (AD,.) 


Contents of 
index register X 





Memory 


OPCODE (7946) 


OPERAND I (1246) 









Absolute X 
specification 





Contents of 
index register Y 









Example  -: Mnemonic Machine code OPERAND II (AD,,) 
ADC $AD12,Y 7916 121, ADi, 
Absolute Y 
specification 
MITSUBISHI 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions 


Example 


: Implied addressing mode 
: Implied addressing mode op- 


erations need no OPERAND. 
BRK, CLC, CLD, CLI, CLT, 
CLV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PLA, PLP, 
RTI, RTS, SEC, SED, SEI, SET, 
SLW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 


: Mnemonic Machine code 


CLC 1816 


- Relative addressing mode 
: Conditionally jumps to the 


address produced by adding 
the Program Counter to the 
OPERAND. 


- BCC, BCS, BEQ, BMI, BNE, 


BPL, BRA, BVC, BVS 


: Mnemonic Machine code 


BCC *-—12 90,6 F2;, 


Cc 


Carry flag reset 


Jumps to * —12 address when Proceed to next address when 
carry flag(C) is cleared. carry flag(C) is set. 
Memory Memory 






OPCODE to be 
executed next 


OPCODE (90;.) 
OPERAND (F2,,) 





*—12 





OPCODE (90,,) * 
OPERAND (F246) 


OPCODE to be 
executed next | * +2 





*+2 
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: Indirect X addressing mode 

: The operation is performed on 
the memory location indicated 
by the contents of two con- 
secutive bytes in zero page 
memory whose first address is 
specified by adding the OPER- 
AND and the contents of index 
register X. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

- Mnemonic 
ADC ($1E,X) 


Name 
Function 


Machine code 


Example 


- Indirect Y addressing mode 

- The operation is performed on 
the memory location indicated 
by adding the contents of index 
register Y to the contents of 
two consecutive bytes in zero 


Name 
Function 


page memory’ whose _ first 
address is specified by the 
OPERAND. 


Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

: Mnemonic Machine code 
ADC ($1E),Y 7116 1E4, 


Example 








Memory 
00:6 
Zero page 
DataI (004.) 04,6 
Data II (14,6) 0546 
Zero page X 
FF,. indirect 


specification 





Contents of 
index register X 


OPCODE (6146) 


OPERAND (1E4¢) + 


uoljyeoioeds aynjosqy 


tt 





Ignored 


In this example, data I (00,,) and data II (14,,) have been 
stored beforehand. 


Memory 
Data I (01,6) 
Datall (12j.) 


00,6 


Zero page 





1Ek6 
1Fi6 









Contents of 
FF index register Y 
Zero page as 
indirect 

specification 


OPCODE (7146) 


OPERAND (1E4.¢) 






Absolute Y specification 





a-atc+[bea]ef baa 


In this example, data I (01,.) and Data I (12,,.) have been 
stored beforehand. 


12E716 





4-12 


oe ere 


MITSUBISHI MICROCOMPUTERS 


MELPS 740 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





Name 


Function 


Instructions : 
Example 


Name 


Function 


Instructions : 
Example 


: Indirect 


> Mnemonic 


: Zero page 


: Mnemonic 


absolute addressing 
mode 


: Jumps to the location specified 


by the contents of two consecu- 
tive bytes whose first address is 
specified by the first and 
second OPERAND. 

JMP 

Machine code 


JMP ($1400)  6C1¢ 001, 144, 


indirect absolute 
addressing mode 


- Jumps to the location specified 


by the contents of two con- 
secutive bytes in zero page 


memory whose first address is 


specified by the OPERAND. 
JMP, JSR 
Machine code 


JMP ($05) B21¢ 0516 


Memory 





OPCODE (6C,.) 
OPERAND I (00) 
OPERAND II (1446) 


Jump 


Indirect 
specification 












Datal (FF,.) 1400,, 
Datall ( 1 Eis) 
Absolute 
specification 
Address to be 1EFF,, 





@o 
x 
oO 
2) 
Cc 
- 
oO 
a. 
> 
© 
x 
Canal 


In this example, FF,, as data I and 1E,, as data Il have been 
stored beforehand. 









Memory 
00, 
as Zero page 
DataI (FF4.¢) 0516 
Datall (1E,.) 06;, 
Peers ee, FFi¢ 
Zero page 
indirect 
specification ppsell ie f 
specification 
OPCODE (B2;.) 
OPERAND (054.) 
a 
Jump 
Address to be 
executed next 1EFF,, 





In this example, FF, as data I and 1E16 as data I] have been 
stored beforehand. 
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Name -Zero page bit addressing 
mode 
Function : The operation is performed on 


the bit (specified by the three 

high order bits of the OPCODE), 

on the zero page memory loca- 

tion specified by the OPERAND. 
Instructions : CLB, SEB 


Example  °- Mnemonic Machine code 
CLB 5,$04 BF, 044, 

Name : Zero page bit relative address- 
ing mode 

Function : Conditionally jumps to the 


address specified by adding 
the second OPERAND to the 
program counter, depending on 
the bit (specified by the three 
higher order bits of the 
OPCODE) in the zero page 
memory location specified by 
the first OPERAND. 

instructions : BBC, BBS 

Example : Mnemonic 
BBC 5,$04,* —12 


Machine code 





04,, Zero page 


Zero page 
specification 






Bit 
specification 






OPCODE 


etl eet en, 


OPERAND (04,.) 







Bit 


5 


Advance to * +3 address when 
04,, address bit 5 is set. 


Jump to * — 12 address when 
04,, address bit 5 is cleared. 


Memory Memory 


04:6 > Zero page 


FF, 





Zero page 
specification 
specification 






*x —] 


2 
OPCODE 

Prov] torn |s 
OPERAND I (044,) 
OPERAND II(F14.) 

Address to be 

executed next *+3 
s ——— 


* +3 


Address to be 
executed next 









Zero page specification 








Bit 
specification 





















OPCODE 


meer! rere ere et, 


OPERAND I (04,,.) 
OPERAND II( F1,,) 
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Function 


Instructions - 
Example 


Name 


Function 


Instructions : 
Example 


: Accumulator bit 


- Conditionally 


addressing 
mode 


- The operation is performed on 


the bit in the accumulator 
which is specified by the three 
high order bits of the OPCODE. 
There is no OPERAND. 


CLB, SEB 
: Mnemonic Machine code 
CLB 5,A BB. 


: Accumulator bit relative ad- 


dressing mode 

jumps to the 
address produced by adding 
the OPERAND to the program 
counter, depending on the bit 
in accumulator (specified by 
the high order three bits of the 
OPCODE). 


BBC, BBS 
: Mnemonic Machine code 
BBC 5,A,*—12 B3ig F2i6 
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Bit 5 


Accumulator 


When accumulator bit 5 is 
cleared 


Bit5 
Jump to *—12 address 


Memory 


Address to be = 
e>12 


OPERAND (F24.) 


Jum 
«+2 s 


MITSUBISHI 
ELECTRIC 


Bit 
specification 


en 


Memory 








OPCODE 


I 


Bit 5 


When accumulator bit 5 is set 


Bit 5 


Jump to *+2 address 
Memory 









OPERAND (F2,.) 
Address to be 
executed nest 
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Name : Special page addressing mode 
Function -: Jumps to the specified address 
in the special page area. The 
lower eight bits are specified Memory 


by the OPERAND and the up- 
per eight bits are defined by 
the special page (see Note 1). 
Instructions : JSR 
Example  : Mnemonic ' Machine code 
JSR \$FFEO 22,, E0;, 


[| ' 


OPCODE (2246) 
OPERAND (€0,,) 











Special page 
specification 






Note 1 : Note that the special page is defined as the highest address- 
able 256 bytes of any given microcomputer and may be 
“FFig’, “4 Fig’, “2Fieg , etc 










Special 


(Note 1 ) page 


FFEO,, 









Address to be 
executed next 







(Note 1 ) 
FFFF,, 








y 
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LIST OF 


INSTRUCTION CODES 
























































Note Support of these instructions depends on the microcomputer type 


Instruction 


Supported tn the following microcomputer types 





Instruction 


1010 ; 1011 {| 1100 ;} 1101 ; 1110 | 1111 
































ul Not supported in the following microcomputer types 








FST 





Tm 50740A-XXXSP, M50740ASP, 


M50741-XXXSP, M50752-XXXSP, 


M50757-XXXSP, M50758-XXXSP 


WIT 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 








Series 7450, Series 38000, 
M37424M8-XXXSP, 
M37524M4-XXXSP 


M50752-XXXSP, M50757-XXXSP, 
M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP 








3-byte instruction 
[| 2-byte instruction 
[| 1-byte instruction 
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MACHINE INSTRUCTIONS 


ADC When T=0 


(Note 1) | A-A-++M+C 
(Note 6) 


AND 
(Note 1) 


BBC Ab or Mp=07? 
(Note 4) 


BBS Ab or Mp=1? 
canal 
BCC C=0? Branches when the contents of carry flag 1s “0” 
imaen[o | emnnnenin tein | 

BCS C=1? 
jiwews) 

BEQ Z=1? Branches when the contents of zero flag 1s “1” 
= ee 

BIT 


“AND’s” the contents of accumulator and mem- 
ory The results are not entered anywhere 

BMI 

(Note 4) 

BNE 


Z=0? Branches when the contents of zero flag 1s “0” 
(Note 4) 


BPL Branches when the contents of negative flag is 
(Note 4) "0" 









Function Details 



















Adds the carry, accumulator and memory con- 
tents. The results are entered into the accumu- 
lator. 

Adds the contents of the memory in the 
address indicated by index register X, the con- 
tents of the memory specified by the addres- 
sing mode and the carry The results are en- 
tered into the memory at the address indicated 
by index register X 


When T=1 
M (X) «-M (X) -+M-+C 



















When T=0 
A*-AAM 


“AND’s” the accumulator and memory contents 
The results are entered into the accumulator 
“AND’'s” the contents of the memory of the address 
indicated by index register X and the contents of the 
memory specified by the addressing mode The re- 
sults are entered into the memory at the address in- 
dicated by index register X 






When T=1 
M (X)<-M(X) AM 


Shifts the contents of accumulator or contents of 
memory one bit to the left The low order bit of 
the accumulator or memory Is cleared and the 
high order bit is shifted into the carry flag 


CL 0 









Branches when the contents of the bit specified 
in the accumulator or memory is “0” 














Branches when the contents of the bit specified 
in the accumulator or memory !s 


“1” 





Branches when the contents of negative flag ts 


“ ” 











Executes a software interrupt 
M(S)+-PC,, 
S+S—1 





M(S) PC, 
S$<+S—1 
M(S)+-PS 
S+S—1 
PC.+-AD_L 
PCyu*-ADy 





Addressing mode | 

















Branches when the contents of carry flag is “1” reg 
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Processor status register 
| 


7\6/5|4)3}2[i]o 


# |p] n | lop n | loP/n|#|N|v|T|B/D|t|z/c 
Hi 





REL 
| | 








IND,X IND,Y 
oP| n | 
| 























cl eee +--+} ++ + 
es parcel ease Se A Sar (ASG SS SCRA 
ao] 

° 

2A ine ees ee Sree Ee oe Sk See Ae 
: eee a a a ae 
i= 

1 

C2 

: | Sco ARRIGO! SMAPS! Re KOPN GO ST EG A GR Se oe eo 
R°] 

os 

< 
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oP| n | # jor) n | # Jor) n | ci 
BVC Branches when the contents of overflow flag is Pea 
(Note 4) “oO” 


BVS V=1? Branches when the contents of overflow flag is 
(Note 4) a 


CLB Clears the contents of the bit specified in the rf 
accumulator or memory to “0” 
2 


CLC Clears the contents of the carry flag to “0” . 18 
D+-0 





Symbol 
























CLD Clears the contents of decimal mode flag to |D8 

“9g” 
CLT T+-0 Clears the contents of index X mode flag to “0” Pal ede cry 
CLV Vv+-0 Clears the contents overflow flag to “0” 2 ie 5 : 
CMP When T=0 Compares the contents of accumulator and 


















A-—-M 
When T=1 
M(X)—M 


(Note 3) memory 
Compares the contents of the memory speci- 
fied by the addressing mode with the contents 


of the address tndicated by index register X 











bees 
© 
NO 
RO 
aa ee ae (ae eae ee ee ee 








COM Forms a one’s complement of the contents of 
memory, and stores it into memory 
CPX X—M Compares the contents of index register X and 2 
memory. la Bl ee 


CPY Y—M Compares the contents of index register Y and 
DEC A~«A—1 or Decrements the contents of the accumulator or 
; 

1 


DIV A+(M(zz+X+ 1), Divides the 16-bit data that is the contents of 
(Note 5) | M(zz-+X))/A M(zz+x+1) for high byte and the contents of 
M (S) + 1’s comple- | M (zz +x) for low byte by the accumulator 
ment of Remainder Stores the quotient in the accumulator and the 
S+S— 1 1’s complement of the remainder on the stack 


EOR When T=0 “Exclusive-ORs” the contents of accumulator 2 
(Note 1) | As-A¥M and memory The results are stored in the 
accumulator. 
When T+1 “Exclusive-ORs” the contents of the memory 











© 








y 


















M (X) <M (X)-34M specified by the addressing mode and the con- 
tents of the memory at the address indicated by 
index register X The results are stored into the 
memory at the address indicated by index reg- 
ister X. 


FST Connects oscillator output to the Xoutr pin E2! 2 
(Note 5) 














A+A-++1 or Increments the contents of accumulator or ue 

eat... 

X+-X+1 Increments the contents of index register X by |E8} 2 | 1 

ee 

aE scence wi EEE 
1 


NC 
INX 
INY 








Nh 
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S 
eae i (a a a ae a Se (C(I (Os (ee 
gfe [e Fa Sa A FS a (ese See Te (ae 
Se ae ae eS ee ee es es ee ee 
: Se cer Ca CREE Cia Cee 
a 
es ae oe ae ee ee ee eee ee ee 2 [2 
Had b fp bf 8 f= 
[ae a ee a ea ees (0 es 
Se cee 
o 
BR ne 
Re —oao 
SS = 
Zz 
od) ae ae ee ee ee ee a ae tee ee 
Bee eS teed i ee ee a ee ee ee 
1 A NN Ga ARE CE OSG EN” NSN (| OU 
i Ce (IE FF PR ae es OE ae | ane ee cae ee 
FE ES RS (oe Ha | RA ERT (SR |e (A (ae Sc ale aaa ee ee 


Fe ee ae ae eee ae ee a ap 

















Addressing mode 


Sc aaa ee lly a ee es ee ee tor ee 
: coe Ae ne a es ee a : ee ee i 
Hl ee BO 

Se) A Pu a (SRS Fem Se REI PE |. | mv es NN (cee 
aa STR (SR, i Seam P| S/S | <a | (eee ARE (ee 
a a (a Se (- eie 12ad C (| n| ees M 

FE ea ae Fe A a pe Se eer (ee (ee |, es ee ee ee 
aret TT eT e ee e 
a a Ge aS CN [= CF Gn (a = eC 
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‘ Addressing mode 
Symbol 


Load memory with immediate value 


LDA 
(Note 2) 
X+-M Load index register X with contents of memory 
Y+-M Load index register Y with contents of memory 
Shift the contents of accumulator or memory to 
MUL 
(Note 5) 
on the stack and the low byte in the accumu- 
lator 


7 O 
o—-L_Jl-c the right by one bit 
CNoP | pe=PoH 


Ed 

ES 

KS 
+ 


If addressing mode is ABS 
PC, +-AD_. 
PCy*-ADy 
lf addressing mode is IND 
PC.+-M (ADu, AD.) 
PCy+-M(ADy, AD_+1) 
If addressing mode is ZP, IND 
PC.+-M (00, AD_) 
PCy+-M (00, AD, -+1) 
M(S) PCy After storing contents of program counter in 
S+S—1 stack, and jumps to the specified address 
M(S) —PC_ 

S+S~]1 

After executing the above, 

if addressing mode is ABS, 
PC L+-AD,. 

PCy+ADy 

If addressing mode is SP, 
PC,.*AD, 

PCy+-FF 

If addressing mode is ZP, IND, 
PC,+-M (00, AD_) 
PCM (00, AD,_+1) 


When T=0 Load accumulator with contents of memory 


Jumps to the specified address 











































































































A+-M 
When T=1 Load memory indicated by index register X with 
M (X) +—M contents of memory specified by the addres- 


sing mode 
















The low order bit of accumulator or memory Is 
stored in carry, 7th bit is cleared 



















M(S) *-A*-AXM (zz+X) 
s+S— 1 


Multiplies the accumulator with the contents of 
memory specified by the zero page X addres- 
sing mode and stores the high byte of the result 






















m 

> 

nN 
sl 
a8 


ORA When T=0 “Logical OR’s” the contents of memory and 09 05 
(Note 1) | A—AVM_.. accumulator The result is stored in the accu- 
mulator 
When T=1 “Logical OR’s” the contents of memory indi- 
M (X) <M (X) VM cated by index register X and contents of mem- 





ory specified by the addressing mode The re- 
sult is stored in the memory specified by index 
register X 
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Details 


cl 
Ea 
ES 
Fa 
eal 


PHA M(S) <A 
s+S—1 


Saves the contents of the accumulator in memory 


Addressing mode 
at the address indicated by the stack pointer and 


48/3 | 1 
decrements the contents of stack pointer by 1 


M(S)+-PS Saves the contents of the processor status reg- |08/} 3 | 1 
S+S—1 ister in memory at the address indicated by the 

stack pointer and decrements the contents of 

the stack pointer by 1 












Eo 
DORE SE ones See WOES! EC 
N 
> 
aS ee 
NO 
Oo 
a ——+— 
Oise 

















PLA S+S-+1 Increments the contents of the stack pointer by 1 
A+-M(S) and restores the accumulator from the memory at 
the address indicated by the stack pointer 
PLP S+S-+1 Increments the contents of stack ponter by 1 and }28] 4 | 1 
PS+M(S) restores the processor status register from the mem- 
ory at the address indicated by the stack ponter 








ROL 7 O Shifts the contents of the memory or accumula- 
C [hcl ] tor to the left by one bit The high order bit Is 


shifted into the carry flag and the carry flag Is 
shifted into the low order bit 


7 0 Shifts the contents of the memory or accumula- 
ie tor to the right by one bit The low order bit ts 
shifted into the carry flag and the carry flag is 

shifted into the high order bit 























7 0 Rotates the contents of memory to the right by 4 82 2 
RTI S+S+1 Returns from an interrupt routine to the main 
PS+-M(S) routine 
S+S+1 
PC.+-M(S) 
S+S+1 
PC.y+-M (S) 














SBC When T=0 Subtracts the contents of memory and comple- 


aaeue 
RTS S+S+1 Returns from a subroutine to the main routine 1 
PC.+-M(S) 
S+S-+1 
PCy*-M(S) | 
(Note 1) | A*-A—M—CG ment of carry flag from the contents of accumula- 








(Note 6) tor The results are stored into the accumulator 

When T=1 Subtracts contents of complement of carry flag 

M(X)+-M(X)—M-—C | and contents of the memory indicated by the 
addressing mode from the memory at the 
address indicated by index register X The re- 












































sults are stored into the memory of the address 
indicated by index register X 
| Ab or Mp+-1 Sets the specified bit in the accumulator or ee ck ay | | le 
memory to “1 ” 2i 2i 
C+-1 Sets the contents of the carry flag to “1” 38 2A! Hoe Me deode aie ahs ete Ue he waft ales at 
D-+-1 Sets the contents of the decimal mode flag to |F8| 2 | 1 
inal - PELLET EEL 
I] Sets the contents of the interrupt disable flag to |78| 2 | 1 
oll : PP ELE ELLE ELE 
SET T+1 Sets the contents of the index X mode flag to |32| 2 
ale . PPELE ELLE ELLE EEL 
SLW Disconnects the oscillator output from the Xourr |C2| 2 | 1 
ows] PPELL ELL TET EEE 
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actuarial te are ara 
ZP,X ZP,Y ABS ABS,X | ABS,Y | Y | IND | ZP,IND | IND )IND.X x | INDY | Y | REL | sp [7]6}5/4/3]2/1/0| 
nilis >| n| for] » | or» [= |or| 9] # pr] [= |w/v|¥/@[0| |2le 


TTT (Value saved in stack) 


iii TTT 








i ce 
He PT A ae ree ie EE beara ie 
CEE COE EP EEE 


! 
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~ 


Stores the contents of accumulator in memory. 
ST Stops the oscillator 
(Note 5) 





Addressing mode 






@ 
a 
> 
@ 
a 
N 
U 









T Stores the contents of index register X in 
memory 
STY Stores the contents of index register Y in 
memory 
Transfers the contents of the accumulator to in- [AA 
dex register X 
Transfers the contents of the accumulator to in- |A8 
dex register Y 


Tests whether the contents of memory are “0” 
or not 


eee 
X+S Transfers the contents of the stack pointer to in- (BA 
dex register X 


xX 
A 


STX 
tT 
T 
TST 
T 
T 
T 
TYA 


eS ee ee a es ee 


ee ee a ee ee ae ee 






Transfers the contents of index register X to the j8A 
Transfers the contents of index register X to the 9A 
Transfers the contents of index register Y to the 
accumulator ’ 
(Note 5) 

sss 


Note 1 : The number of cycles ‘n’” is increased by 3 when T is 1. 


N 


ee as! 


Pp 
Ss 


NO 


A 
A 
Ss 
SX 
x 
x 
Y 


> 
| 8 S| S| Sf a] Ss} | | OS 


, 





[SS Ne RE ia es a a ee 
FE Fa a IE, a a I ae a ea 


| 8 





2 : The number of cycles “n” is increased by 2 when T is 1. 

3 : The number of cycles “n” is increased by 1 when T is 1. 

4 : The number of cycles “n” is increased by 2 when branching has occurred. 
5 : Support of these instructions depends on the microcomputer type 


Supported in the following microcomputer types 


FST M50740A-XXXSP, M50740ASP, 
SLW 


M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 

MUL 

DIV 


Series 7450, Series 38000, 


M37424M8-XXXSP, 
























M37524M4-XXXSP 








Not supported in the following microcomputer types 


M50740A-XXXSP, M50740ASP, 

M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 
M50752-XXXSP, M50757-XXXSP, 
M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP 













6 : N,V, and Z flags are invalid in decimal operation mode. 
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Addressing mode Processor status register 





a 








ae ee ee i ee ee ae 

a 
best 
es 
a 
Le 
hae 

N 
Le 









S) 


ymbol 
IMP Implied addressing mode Addition 
Immediate addressing mode Subtraction 
A Accumulator or Accumulator addressing mode Logical OR 
Logical AND 
BIT, A Accumulator bit relative addressing mode Logical exclusive OR 
Negation 
ZP Zero page addressing mode Shows direction of data flow 
BIT, ZP Zero page bit relative addressing mode Index register X 
Index register Y 
ZP, X Zero page X addressing mode Stack pointer 
ZP, Y Zero page Y addressing mode Program counter 
ABS Absolute addressing mode Processor status register 
ABS, X Absolute X addressing mode 8 high-order bits of program counter 
ABS, Y Absolute Y addressing mode 8 low-order bits of program counter 
IND Indirect absolute addressing mode 8 high-order bits of address 
8 low-order bits of address 
ZP, IND Zero page indirect absolute addressing mode FF in Hexadecimal notation 
immediate value 
IND, X Indirect X addressing mode Memory specified by address designation of any 
IND, Y indirect Y addressing mode addressing mode 
REL Relative addressing mode M (X) Memory of address indicated by contents of index 
Special page addressing mode register X 
Carry flag M (S) Memory of address indicated by contents of stack 
Zero flag pointer 
interrupt disable flag M(ADy, AD_) Contents of memory at address indicated by AD, and 
Decimal mode flag AD, In ADy ts 8 high-order bits and AD, 1s 8 low- 
Break flag order bits 
X-modified arithmetic mode flag M(00, AD,) Contents of address indicated by zero page ADL 
Overflow flag Ab 1 bit of accumulator 
Negative flag Mb 1 bit of memory 
OP Opcode 
n Number of cycles 
+ ’ | Number of bytes 
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NOTES on USE 


Keep the following points in mind while programming: 


Processor status register 


(1) 


Initialization of processor status register 

After a reset, the contents of the processor status reg- 
ister (PS) are undefined except for the | flag which is 
“1”. Therefore, flags which affect program execution 
must be initialized after a reset. 

In particular, it is essential to initialize the T and D 
flags because they have an important effect on calcula- 
tions. ; 

How to reference the processor status register 

To reference the contents of the processor status reg- 
ister (PS), execute the PHP instruction once then read 
the contents of (S-+1). If necessary, execute the PLP 
instruction to return the PS to its original status. 

A NOP instruction should be executed after every PLP 
instruction. (The NOP in unnecessary when using a 
series 38000 microcomputer). 


Flags Initializing 


I 
i 
I 


Initialization of Flags in PS 





S 
S+1 Saved PS 


, 


Stack Memory Contents after PHP Instruction Execution 





PLP Instruction 


NOP Instruction 
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Interrupts 

The contents of the interrupt request bits can be changed 
by software, but the values will not change immediately af- 
ter being overwritten. Therefore, note the following points: 


(1) 


(2) 


After changing the value of the interrupt request bits, 
execute at least one instruction before executing a 
BBC, BBS, or any other read instruction. 

When clearing an interrupt request bit to “O” and set- 
ting an interrupt enable bit to “1” (=setting in an inter- 
rupt enable state), it needs to be cleared or set these 
bits in a separate instruction. The interrupt is accepted 
because it becomes in the interrupt enable state be- 
fore clearing the interrupt request bit, if clearing the in- 
terrupt request bit and setting the interrupt enable bit 
are performed in an instruction. 


BRK instruction 


(1) 


It can be detected that the BRK instruction interrupt 
event or the least priority interrupt event by referring 
the stored B flag state. Refer the stored B flag state in 
the interrupt routine, in this case. 

However, the microcomputer that has an independent 
BRK instruction interrupt vector (cf. the 7450 series, 
the. 7470 series, and the 38000 series) are not neces- 
sary this detection. 

The CPU of all 8-bit microcomputers except the 38000 
series have the following bug about the BRK instruction 
execution. 

At the following status, 

@ the interrupt request bit has set to “1”. 

@ the interrupt enable bit has set to “1”. 

3) the interrupt disable flag (1) has set to “1”. 

if the BRK instruction is executed, the interrupt disable 
state is cancelled and it becomes in the interrupt en- 
able state. So that the requested interrupts (the inter- 
rupts that corresponding to their request bits have set 
to “1”) are accepted. 


Switch the Interrupt Register Bit 
NOP Instruction 
) BBC, or BBS Instruction 


Clear the Interrupt Request 
Bit to “O” 
Set ina 


separate 
instruction 


Set the Interrupt Enable 
Bit to “1” 
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Decimal calculations 

(1) Execution of decimal calculations 
The ADC and SBC are the only instructions which will 
yield proper decimal results in decimal mode. To 
calculate in decimal notation, set the decimal mode 
flag (D) to “1” with the SED instruction. After executing 
the ADC or SBC instruction, execute another instruction 
before executing the SEC, CLC, or CLD instruction. 

(2) Note on flags in decimal mode 
When decimal mode is selected, the values of three of 
the flags in the status register (the N, V, and Z flags) 
are invalid after a ADC or SBC instruction is executed. 
The Carry flag (C) is set to “1” if a carry is generated 
as a result of the calculation, or is cleared to “OQ” if a 
borrow is generated. To determine whether a calcula- 
tion has generated a carry, the C flag must be initial- 
ized to “0” before each calculation. To check for a bor- 
row, the C flag must be initialized to “1” before each 
calculation. 


JMP instruction 

When using the JMP instruction in indirect addressing 
mode, do not specify the last address on a page as an in- 
direct address. 





Set D Flag to “1” 


ADC or SBC Instruction 
NOP Instruction 


SEC, CLC, or CLD Instruction 
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SERIES MELPS 740 MASK ROM 
ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. 

When placing such order, please submit the information 
described below. 


(1) Mask ROM confirmation form-:sscrrerrret terre 1 set 
(There is a specific form to be used for each model.) - 
(2) Data to be written into mask ROM: ss EPROM 


(Please provide three sets containing the identical 
data.) 
(3) Mark specification form TELE eC ee Ce 1 set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi that is listed in the 
mask ROM confirmation form may be used. 

(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 


label 


Example : 









M50747 
-XXXSP 


M50747 


-XXXSP ; 


© 


Type 








® 


Identification 


of three sets 


SERIES 


EPROM 
(3 sets) 


Mask ROM 
confirmation 
form 


Order mask 


50747 
-XXXSP Acceptance 


Mask ROM 





MITSUBISHI 
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code for each 


~N 


(3) Calculation and indication of checksum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask 
ROM confirmation form. 

(4) Options 
Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form. 

(5) Mark specification method 
The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. 


OUTLINE OF ORDER PROCESSING 

Mitsubishi will produce the mask ROM if at least two of the 

three EPROM sets submitted contain identical data. 

lf we find error when the submitted EPROMs are com- 

pared, we will contact your representative. 

Thus, we assume responsibility only when we produce the 

mask ROM that contain data other than the data correctly 

provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 

generated the following - 

1. Drafting data for mask ROM production; 

2. ROM code listing or EPROM for mask ROM production 
error check work; 

3. Mask ROM test program. 

The chart below shows the flow of mask ROM production. 


MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM 


FROM CUSTOMER | MITSUBISHI ELECTRIC 
1 


Mask ROM 
automatic 
design progra 


¥ 


Mask drafting data Mask ROM test program 


Mask RO 
manufacturing 
process 


ask ROM 
manufacturing f 
process 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37100M8-XXXSP/FP 
MITSUBISHI ELECTRIC 








Section head} Supervisor 
signature signature 


‘ 
Note : Please fill in all items marked. 


name 
x | Customer 
Pe : 
Pe 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Receipt 


issuance 
signature 


Microcomputer name : C] M37100M8-XXXSP CL] M37100M8-XXXFP 


Checksum code for entire EPROM | | |] (hexadecimal notation) 
EPROM type 


L] 27256 [] 27512 


0000 
O5FF 








Character ROM1 






0800! Character ROM2 


Set “FF,,” in the shaded area. 


* 2. Mark specification | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37100M8-XXXSP ; 80P6 for M37100M8-XXXFP) and attach to 
the mask ROM confirmation form. 


*3. 1° 1?C bus* | co 
Would you use I?C bus function ? [] Use C1] Not use 


* 3. 2 Comments 
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GZZ—SH01—46A< 82B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37100M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


%* 4. Option specification. 
1. Port PO pull-up transistor (if built-in is aecieen write 1, if not write 0) 


Plz Pig Pigs P14, Pls Ply Pty Po 


address 10001. 


2. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


address 100116 


3. Feedback resistors for Xin, Xciw OSCillation (if built-in is desired write 1, if not write 0) 


Xcin Xin 


women Te T Pll | 


4. CRT display relation polarity specifier (if negative polarity is desired write 1, if positive write 0) 


Hsync VsynC R,G,B | OUT 


emo [fof] | | Ld 


5. ¢ output (if ¢ clock outputs in the single-chip mode write 1, if not write 0) 


? 
vemos [Tl [e fll el 


* : Purchase of Mitsubishi Electric Corporation’s 12S components converys a license under the Philips I?C Patent 
Rights to use these components in an I7C system, provided that the system conforms to the 2G Standard Speci- 


fication as defined by Philips. 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP MICROCOMPUTER M37102M8-XXXSP/FP — 


MITSUBISHI ELECTRIC 


Note : Please fill in all items markedx. 


Company pene 












Issuance 
signature 


name 
* | Customer 
Date ? . 
issued ° 


* 1. Confirmation ; 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name ; [1 M87102M8-XxXSP L] M37102M8-XXXFP 


Checksum code for entire EPROM | [ t | (hexadecimal notation) 


L] 27256 


EPROM type 


address 
000016 


Area for ASCII codes ne he name 
O00F 16 | of the product 'M37102 


2FFFi6 


soooss | character ROM | 
37FF16 
380016 
SFFF16 
400016 


| character Rom | ROM1 


Character ROM2 





ROM(16K) 





(1) Set “FF,,” in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product ‘M37102M8-’ to addresses 0000,6 to 000F 46. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37102M8-XXXSP; 80P6N for M37102M8-XXXFP) and attach to 
the mask ROM confirmation form. 


\ 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37102M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


*3. 1  (?C bus* 
Would you use IC bus function ? [Use CINot use 


* 3. 2 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 


*3. 3 Comments 


Writing the name of the product and character ROM data onto EPROMs. 


Addresses 0000;, to OOOF;, store the name of the product and addresses 3000;, to 3FFFi, store the character ROM 
data. Write the following ASCII codes that indicates ‘M37102M8-’ to addresses 0000i¢ to OOOF4¢. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 


1. Inputting the name of the product with the ASCII code. Address Address 










ASCII codes ‘M37102M8-’ are listed on the right. 0000i¢ 0008:, |‘—’=2 Dig 

The addresses and data are in hexadecimal notation. 000146 000946 
00021. 000A 6 F F4¢ 
000316 000B1.¢ 
000416 000C¢ 
00051. 000D4¢ 
0006:. 000E1¢ 
000716 000F 16 





2. Inputting the character ROM 
Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 


* : Purchase of Mitsubishi Electric Corporation’s 1?C components converys a license under the Philips 1?C Patent 
Rights to use these components in an IC system, provided that the system conforms to the I?C Standard Speci- 
fication as defined by Philips. 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—08A< 94A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM — [MSS FOM number} 
SINGLE-CHIP MICROCOMPUTER M37102M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


The structure of character ROM (divide of 1216 dots font) 


Example 

ONOODOOOOOoOOU 

Character code OOODOsoOoOoOoOoOO 

DOOOODOSBOOOOOO 

"1 Aje” DOOOSBOBOOOOO 

OOOOsSOBOOOOO 

DOOBODOOOBOOOO 

OOOsBSOOOSBODDOO 

OOOSOOOBOOOO 

DOSOOOoOOSsOOO 

DOSOODOOOsSDOO 

OOSREBSeesgOoo0 

OmMODODOOOSOO 

OsgsO0ODOoOoDoOSsOoOO 

OgsoOoOoOoOoOoosgn0oO 

ODOOOOOOOO0O0O00 

DOOOOODOOODOD 

+ Character —++«—-Character—> 
ROM1 ROM2 
a 
b7 6 ¥5 V4 43 V2 %1 Do 

Example 3106 9 CODICICIDIOO om ——«-EXAMPIE BAD, , MPTP 
1QOOO00O8O00 oo, 1 OOOO Fo, 
200000800 oo, 2 : F046 
S1AM6 5 QOOOmOMO oA. ee aoa FOxe 
40DOOOSORO oA, 4 OOOO) Fo. 
5 DU0OBOOO 11. 9 OOOO Fo. 
6 O0O0O80008 11. 6 -.. ..: OOOO Fo,, 
7 O00sco0oOm 11. 7 Fy OOOO Fo. 
8 DOBOOOOO 20. Gi 12 BOOO Fs. 
9 D0OBO0000 20. 9 . . BOOO Fs,, 
A ODDUSEREESE 3... A. @Oooo0 F816 
BOBMOODOOOO 40, B : OOO F4,, 
c OMOO0OD000 40. C - OBOO F4,, 
bDbOBOOOOO0 40. D. - OFBOO Fai, 
E OOOOO0OOO 0046 E . opo00o0 F046 
FOOOOOOOO 00, F OOOOD Fo. 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37102M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


Inputting the test character pattern 
Write the following character pattern to the specified addresses. 


(1) Pattern 1 









[naaress [bata + Aarons [bata —* 
3760s | 40a | ~SFEQse 
7B tse SFE Ise 


Character code “7E;¢” 





[~37E26 | 00. | SFE@e | Fave 
[37636 | 200 (| =SFES ss | Fe 
[a7E4e | 0% | ~SFE es | FO 
[~37E515 | 00 +) SFE Bip Se 
[376615 | 108 (| SFEBe | FO | 
[a7e7e | Oe | SFE | Fe 










(2) Pattern 2 

















[Aeros [bata 
Fre 
0036 Fre 
[S7FSip | O01 + SFFe | One| 
[~a7F4ie | 00 | SFFae | Oe 


Character code  “7F4¢” 


B7F6ie | Os | FFE ie 
B7F716 | Oe | SFF716 
B7FBie | 01g | SFB ig 


37F 946 3FF946 
37FAi6 SFFAi6 
37FBic 3FFBie 


B7FCis | Ore | SFC 








37FDi6 SFFDi6 
S7FE16 SFFE16 
37FFi6 BFFFic 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP a 


MITSUBISHI ELECTRIC 7 


Note : Please fill in all items marked 


Submitted by| Supervisor 
Company 


name 











Receipt 







* | Customer 


Issuance 
signature 


Date 





issued 


xX 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 


differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM P| | [| (hexadecimal notation) 


EPROM type 


[C) 27128 ©) 27256 [] 27512 


ROM (8k) 








Set “FF,,” in the shaded area. 


* 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37103M4-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP 
MITSUBISHI ELECTRIC 


4. Option specification (write the option data also at the specified address in the EPROM.) 
1. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
Plo Pl, Plo Pla P14 Pls Pie Pt, 


address 1000i. 


2. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 
P2o P2, P2, P23, P24, P2, P2g P2, 


address 10011. 


3. Feedback resistors for Xin, Xcin Oscillation (if built-in is desired write 1, if not write 0) 


Xcin Xin 
een OCI 


4. CRT display relation polarity specifier (if negative polarity is desired write 1, if positive write 0) 


Hsync VsyncR,G,B 1! OUT 


weve [e[ofe] | | | 


5. ¢ output (if ¢ clock outputs in the single-chip mode write 1, if not write 0) 


¢ 
wero [ToL] ]e[e] 
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GZZ—SH01—45A< 82A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP 
MITSUBISHI ELECTRIC 


Inputting the character ROM 
Input the character ROM data by dividing it into character ROM1 and character ROM2. 
The structure of character ROM (divide of 12X16 dots font) 


Example 
ONOO000oO0o0000 
Character code OOOOOsoOo0Oo0000 
QOOODDOS@OOOO00 
“Age” OOOOBOROOOO0 | 

QNOOODSOBOOOOO 

DOOSOOOSOOOO 

QOOOBOOOB8O000 

OOORBOOOSOO00 

DOBOOOOOsS8O000 

DOOBOOOOOB8D00 

OUR BeesBOoOo 

OBOOOO0O0O00800 

OMO0OOO0O0OO0O0Os800 

OBOOO0OO0OOO0O0800 

OOOOOOO0O0000 

DOOOOOOOO0D00 

+- Character | —+-Character—> 
ROM1 ROM2 
ZL 
Example 01A01¢ b7 bg bs by bg be b; bo Example 09A01¢ br bg bs ba bg bp by Bo 
. 000000000 00. ¢ 0 oooo F016 
1 OOODOODOSB8OO o4, 

PMAFI6 > QUDDOMOO ote aris 5000 - 
3 QDQOOORBORD oA 3 OOOO Fu, 
4Q000ODB@OM80O oa, 4 OOOO Fo. 
5QOORBOOOM tt. 5 OOOO Fo,, 
600080008 11. 6 OOOO Fo. 
7QOOO8O0008 11, 7 Fis OOOO Fo, 
8 DOBMOOOOO 20. 8 BOOO Fs. 
9 OOgOO0o0O00 2016 as : Booo F816 
ADDS BSH sr, A: BOOO rs, 
BOBMOOOOOO 40. B * OMOO F4,, 
C Omgoo0o00o00o 4016 Cc ‘OBO F4,, 
pDOgBO0O0O000 .4,, D -OMOO Fs, 
EDOOOOoOoOoO 0046 E ' OOOO Fo, 
FOOOOOOO0 00, F OOOO Fo, 
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GZZ—SH02—89A< 9XA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37120M6-XXXFP od 


MITSUBISHI ELECTRIC : 


Note : Please fill in all items marked. 


Submitted by 























Company 
name 





TEL 
® oO 
( ) eZ 
x | Customer S c 
Date 25 
Bie foe 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM 1 | | ft | (hexadecimal notation) 
EPROM type 
LC] 27256 


address 


000016 Area for ASCII codes of the name 
of the product ‘M37120M6—’ 


OO00F 16 









001046 






2FFFig 
300016 
37FFi6 
380016 
3FFF16 
400016 
AFFF16 
500016 


Character ROM1 














Character ROM2 






ROM(12K) 





7FFF46 


(1) Set “FF,,” in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product ‘M37120M6—’ to addresses 0000;¢ to OOOF ¢. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6N for M37120M6-XXXFP) and attach to the mask ROM confirmation 
form. 





¢ MITSUBISHI 5—13 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—89A< 9XA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37120M6-XXXFP 
MITSUBISHI ELECTRIC 


* 3. 1 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 


* 3. 2 Comments 


Writing the name of the product and character ROM data onto EPROMs. 


Addresses 000016 to OOOF,, store the name of the product and addresses 3000. to 3FFF,, store the character ROM 
data. Write the following ASCII codes that indicates ‘M37120M6—’ to addresses 0000;¢ to OO0F4,. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

As for the option, if the contents of the cofirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 


1. Inputting the name of the product with the ASCII code. Address Address 





ASCII codes ‘M37120M6—’ are listed on the right. 0000i¢ 00081. ‘—'= 2 Dig 

The addresses and data are in hexadecimal notation. 000116 00091. 
000216 000Ai¢ 
00031. 000Bi¢ 
0004. 000C 16 
000516 000D16 
000616 000E1¢ 
000746 O00F i, 








Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 
* = $8000 





This is an example when the start address of internal ROM is F000,.. 


2. Inputting the character ROM : 
Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37120M6-XXXFP 
MITSUBISHI ELECTRIC 


The structure of character ROM (divide of 1216 dots font) 


Example 

OOOOOOOO0OO000 

Character code DOOODOSBOOOO00 
OOO0OOsSOOOO0O0 

“1Ais” OOOOS8OBOOOOO 
OOOOSOBOOOOO 
DOOSOOOsSOOOO 
OOOSOOOBOO0OO 
OOOSBOOOBOOO00 
DOSOOoOOOsoOoOO 
OOBOODOOOs8D00 

OOS BBeeeooo 
OBODOOOO0OOS8OO 
OsO0D0DOOOO8oOO 
OBOOOOUODOOSEDO 
DOOOOOOOOOO0O 
DOOOODOOODOO 


+ Character —<+-Character—> 
ROM1 ROM2 
4 


Example 31A0 
16 
by be bs bs bs bo by by Example 39A04¢ by bs bs bs bg be b; Bo 





. 0DoO0000o oo. 0 O000 Fo. 
ae QOOOODOso00 0446 

SIAM) DOOUOMOO os, ere O00 ron 
3 DOOOBORO 0, 3 OOOC Fo. 
400008080 0A, 4 OOOO Fo. 

5 OOO8000m 11, 5 ‘OOOO Fo. 

6 OOOB8OOOM 11. 6. "s OOOO Fo. 

7 OOOB8O0008 11, 7 .Fie -COOOO Fo, 

8 DOOBOOOOO 20. 8 @GOOO rs, 
900800000 2, 9 . BOOO Fs,, 
AOODUGEESBEH sr... Ay ' @OOO Fs, 
BOBMODODOO 40 B O@OC F4,, 
cOMO00000 40, C OBOO F4. 
DOMBOOOOO0 40. D OmMOO F4,, 
EDOODOOO000 00:6 Ee.” OOOO ro,, 
FOOOOODOO 00, F OOOO Fo. 

MITSUBISHI aie 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—89A< 9XA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37120M6-XXXFP 
MITSUBISHI ELECTRIC 


Inputting the test character pattern 
Write the following character pattern to the specified addresses. 


(1) Pattern 1 


Character code “7E,,” 





(2) Pattern 2 


Character code 7F 46 
FOr. 
FOr. 
F016 











5—16 MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—00A< 01A0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37201M6-XXXSP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 


Note : Please fill in all items marked. 


Submited t 
Com pany uP 









Issuance 
signature 


name 
* | Customer 
a! 
a! 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM 1 | | | (hexadecimal notation) 
EPROM type 
| 27256 


address 


000016 
Area for Aree or ASCH codes of mena codes of hi) name 
000F16 | Of the Aree or ASCH codes of mena ‘M37201M 


Character | charecterromt | 


Character ROM2 


ROM( 24K) 





















OFFF16 
‘corre | charactor | 


17FF16 
180016 
1FFFi6 
200016 










(1) Set “FF,,” in the shaded area 
(2) Write the ASCII codes that indicates the name of the product ‘M37201M6-’ to addresses 0000,, to 000F j6. 


*x 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37201M6-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—00A< 01A0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37201M6-XXXSP 
MITSUBISHI ELECTRIC 


*3. 1 IFC bus* 
Would you use I?C bus function ? []Use LINot use 


%* 3. 2 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 


*3. 3 Comments 


Writing the name of the product and character ROM data onto EPROMs. 


Addresses 00001, to OOOF 1, store the name of the product and addresses 10001, to 1FFF,, store the character ROM 
data. Write the following ASCII codes that indicates ‘M37201M6-’ to addresses 0000,¢ to OOOF ;<. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 























1. Inputting the name of the product with the ASCII code. Address Address 
ASCII codes ‘M37201ME6E-’ are listed on the right. 0000;., 000816 
The addresses and data are in hexadecimal notation. 0001 4¢ 000916 

000216 OO0Ai16 
000316 QO0Bi¢ 
000446 000Ci6 
000516 000Di¢ 
0006i. OO0E;., 
000716 OOOFi¢ 





2. Inputting the character ROM 
Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 


* : Purchase of Mitsubishi Electric Corporation’s 1?C components converys a license under the Philips 1?C Patent 
Rights to use these components in an I?C system, provided that the system conforms to the I?C Standard Speci- 
fication as defined by Philips. 
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ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH04—00A< 01A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37201M6-XXXSP 
MITSUBISHI ELECTRIC 


The structure of character ROM (divide of 12X16 dots font) 


Example 

DOOOOOOOO000 

Character code OOOODOSOO0000 

OOODOODOSBOOODOOO 

“1Aie OOOOBOROOOO0 

OOOOSOSBOOO00 

DOOOBDOOBOOOD 

OOOBOOOBOO000 

OOOROOOSBOOO00 

DOSOOOOOS8DOO 

OOBOOOOOB8D00 

OOS EBSSBSBOO0 

OBODOODOOSBOO 

OBOUDDOOOOSBDO 

OBOOOOOOOS8DO 

ODOOOOOOOOo0oO00 

DOOOOODOOOD0O 

+ Character ~++«—Character— 
ROM1 ROM2 
Aa 
Example 11A0,_ 27 Bs Bs by bs be bi by Example 19A0i6 b7 Dg Ds by bz bz b; Do 

0D0O0DOO0O00 00, ( 0 OOOO Fo. 
1QOOODO8O0 o, 1 OOOO ro, 
W1AF,, 2 OQOD0OOS8OO o,, 19AFig 2 OOOO Fo. 
3 DOOOSORD 0Ai6 3 OOOO Fo. 
400ODSORO oa. 4 OOOO Fo. 
5OOOBDO00M8 11. 5 OOOO Fo. 
6OD008O008 11. 6: OOOO Fo,. 
,? OOOBODOOD it. 7 Fig OOOO Fo, 
8 OOBOOOOO 20, 8 - @OOO Fs, 
90D0800000 20, 9 BOOO Fs,, 
\OOSREBSe :;.. A SOOO rs, 
B OBMOODO0O00 40:6 B Om@oo0 Far 
COBODODD0OODO 40. C OBOO F4. 
DOBOO0O000 40, D - OBWOO Fa, 
EODOO0OO0oOoOD 0... E OOOO Fo. 
FOODOOOOOOD 00. F OOOD Fou. 


MITSUBISHI 


SERIES MELPS 740 MASK ROM 


ORDERING M 


MITSUBISHI MICROCOMPUTERS 


ETHOD 





GZZ—SH04—00A< 01A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FO 
SINGLE-CHIP MICROCOMPUTER M37201M6-XXXS 
MITSUBISHI ELECTRIC 


Inputting the test character pattern 
Write the following character pattern to the specified addresses. 


(1) Pattern 1 










Address 
Character code “7E,,” 






[bate | arose 1 


I7E2i6 


. | Mask ROM number a 
RM 


p 


4016 
0446 





2016 1FE316¢6 





17ESi6 
17E4i6 










17E6i6 
17E7i6 
17E8i46 








(2) Pattern 2 









Character code “7F,,” 


W7ESi6 | Oe | IFES 


17E916 1FE9i6 
17EAi6 


0015 | FE Ate 
17EBie 4016 1FEBi6 
17EC46 0446 1FECi¢ 


17EDig | 001g =| TED, 
17EE 16 | 1FEE16 
17EF ig 


[—Adaress [ata 


17F O16 1FFO16 


17F246 


17 F316 


0216 1FE4i¢ 
1046 1 FE6i¢ 


Olis TFE7i6 
8016 1FE816 











1TFEFi6 





Address 


00,6 [FS 
1FF 446 
0016 TFFS5i6 




















0016 1TFF6i¢ 
TFF 16 
0046 1FF8i¢ 


n 
brs 
o 


0016 1FF916 
| 001 | FFAs 


1FFCi¢ 


: 


n a 
na - 
o fo7) 


FOi6 
FOi6 
F4ig 
F016 
FOi6 
F246 
FOi6 
FOig 
FOi6 
FOi6 
F816 
FOi6 
, F016 
F4i¢ 
FOi¢ 
FOig 


FO16 
FO16 


F016 
F046 
F016 


FOi6 
FOi6 






FO16 
F016 
F016 





1FFDi6 


1FFE 6 
1FFF 16 


FOi6 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—71A< 08A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 



















Issuance 
signature 





* 1. Confirmation 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
EPROMs submitted. 


Note « Please fill in all items marked. 
Specify the name of the product being ordered and the type of EPROMs submitted. 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
Checksum code for entire EPROM Pt [| (hexadecimal notation) 


Supervisor 
signature signature 
TEL Submitted by | Supervisor 
Company by | Supervisor | 
name ( ) 
Customer 
Date : 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
L] 27256 


EPROM type 


address 


000016 Area for ASCII codes of the name 
of the product ‘M37202M3—’ 


001016 Vi 
2FFFi6 G7 ps 
Soe Character ROM1 

Pee Le fi fe Le La Lvi hin Lh mH wad 
37E016 OSD test character patterns 


3800 
SDDF 16 Character ROM2 


3FEO RF GE LIED I AMET EP IY MEY ET AEE A 
16 
3FFFi6 OSD test character patterns 


RY A A A A A AY AE A 
500016 


ROM(12K) 
7FFF16 





(1) Set “FF,,.” in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product ‘M37202M3-’ to addresses 0000,, to OO0Fi¢ 


%* 2. Mark specification ‘ | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37202M3-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—71A< 08A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 


*3. 1  ([?C bus* 
Would you use I?C bus function ? [Use LINot use 


* 3. 2 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 


* 3. 3 Comments 


Writing the name of the product and character ROM data onto EPROMs. 


Addresses 0000. to OOOF;, store the name of the product and addresses 30001, to 3FFF i. store the character ROM 
data. Write the following ASCII codes that indicates ‘M37202M3-’ to addresses 00001¢ to OOOF 16. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 








1. Inputting the name of the product with the ASCII code. Address Address 

ASCII codes ‘M37202M3-’ are listed on the right. 0000;, 0008;., (ot == 2D 

The addresses and data are in hexadecimal notation. 000146 00091, F Fug 
000216 000A 16 
000316 000B46 
000416 000C1¢ 
000516 000Di¢ 
000616 000E1¢ 
00076 000Fi¢ 





2. Inputting the character ROM 


Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 


* : Purchase of Mitsubishi Electric Corporation’s I2C components converys a license under the Philips |?C Patent 


Rights to use these components in an I?C system, provided that the system conforms to the I?C Standard Speci- 
fication as defined by Philips. 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—71A< 08A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 


The structure of character ROM (divide of 12X16 dots font) 


Example 

OHooOoOoOoOooOoooo 

Character code OOOODOBODOOO0O 

OOODDOBOOO00O 

“1 Ase” OOoOoOsoOBmoOoOoOoOO 

OOODSOBOOOOO 

DOOsSOOOSsSOOOO 

OoOoOsoOoOoOsBnNoOoOO 

OOOSDOOSBOOOO 

DOsSOoOoOoOoOoOsooOO 

OoOBsoOoDoOooOs8nDoOoO 

OOBERBSSeesBOO0 

OsgOoOOooO00s800 

OgsO0O00O0OO0O800 

OSOOOOODOOS8DO 

OOoOoOoooOooo0o0o 

DOOOODOOODDOD 

+ Character —++-Character— 
ROM1 ROM2 
WZ 
Example B1A0;_ 97 Be Bs ba bs be by bo Example 39A016 b7 be bs by bs Bz by Do 

0QDOOODOOOO 00, 0 OQOOC Fi. 
1QODODOSOO 0, 1 OOOO Fo. 
31AFis 2 OO00O0M8O0 o., S9AFig 2 OOOO Fo. 
3 DOOOSBORO 0A. 3 OOOO Fo. 
400008080 oA, 4 OOOO Fo. 
SOOOBSOO0OM 11, 5 OOOO Fo. 
6 OOOBOOO8 11, 6 OOOO Fo. 
7DOOBOO0O8 11. 7 Frye OOOO Fo, 
8 DOOBOOOOO 20, 8 WOOO rs, 
9 DOBOOOOO 2. ~] BOOO F816 
A DDBEEBEE s.. A MOOD Fs. 
BOSGOODOCOOO0 40. B OOO F4. 
c OMOO0OD0OOO 40, C O@OOD Fac 
o0OBO0O0O000 40, D OBOO Fa, 
EOOOOOOO0  00,, E OOOO Fo. 
FDOOODOODO 00, F OODO Fo. 


MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—71A< 08A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37202M3-XXXSP 
MITSUBISHI ELECTRIC 


Inputting the test character pattern 
Write the following character pattern to the specified addresses. 


(1) Pattern 1 














S7E0i6 4016 SFEOi;.6 FOi¢ 
S7E1i6 0416 SFE1i¢ FQ46 


37E316 20:6 F016 
1016 3FE6i6 F016 
0816 F016 
4016 3FEBi6 F016 
37EC16 0416 
37EDi6 0016 


S7TEEi6 2016 SFEE16 F046 
37EFi6 : 0216 SFEFi6 F016 


Character code “7E4,” 



















_ (2) Pattern 2 




















37F 116 0016 
37F 316 3FF3i¢ F016 
37F 416 0046 3FF416 
37 F516 0016 
37 F616 0016 
B7F7i6 | O16 | SFF716 | FO 
B7F8ic | Ore | SFFBie | Fre 
37F 916 
FO%6 


37FAi6 


S7FBis | 0019 | SFB 


Character code “7Fy¢” 

















37FCi6 
37FD16 
S7FE | 0016 =| SFFEte | Fe 
37F Fie 





-_ aie MiTsuBSH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—09A< 11A0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP cae 


MITSUBISHI ELECTRIC 


Note : Please fill in all items marked. 


TEL Submitted by; Supervisor 
Company Ss 
name ( ) 








Receipt 
















o oO 
2 5 
x | Customer Sf 
na 
Date 2G 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM | ft fl (hexadecimal notation) 
EPROM type 
[] 27512 


address 


000016 Area for ASCII codes of the name 
000F;,¢ | of the product ‘M37204M8—" 













2FFF16 
300016 


380016 
400016 


480016 
4FFFy6 


800016 


Character ROM1-a 


Character ROM2-a 





Character ROM1-b 
Character ROM2-b 


PLL £2 LT LL TLL 











ROM(32k) 


FFFFig 


(1) Set “FF,,” in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product ‘M37204M8-’ to addresses 000016 to O00F 16. 


% 2. Mark specification | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37204M8-XXXSP) and attach to the mask ROM confirmation 
form. 





¢ MITSUBISHI | — 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—09A< 11A0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 
MITSUBISHI ELECTRIC 


*3. 1 IC bus* 
Would you use |?C bus function ? [Use [INot use 


*x 3. 2 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 


* 3. 3 > Comments 


Writing the name of the product and character ROM data onto EPROMs. 


Addresses 0000;,¢ to 0OOF;,¢ store the name of the product and addresses 3000, to 4FFF;, store the character ROM 
data. Write the following ASCII codes that indicates ‘M37204M8-’ to addresses 00001, to OOOF 4,. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 


1. Inputting the name of the product with the ASCII code. Address Address 
ASCII codes ‘M37204M8-’ are listed on the right. 000046 > 000816 
The addresses and data are in hexadecimal notation. 000116 000916 

000216 OO0Ai6 
000316 OOOBi¢ 





ee eo a 
0004,, |‘'0’=3 046; O00Ci¢, 
000516 ‘4’ =3 4 1 000Di¢ 
000615 |‘M’=4Dy6) 000E1, 
000716 |°8°=3 816) 000F 46 














2. Inputting the character ROM 
Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 


* : Purchase of Mitsubishi Electric Corporation’s 1?C components converys a license under the Philips I?C Patent 
Rights to use these components in an I|?C system, provided that the system conforms to the 27C Standard Speci- 
fication as defined by Philips. 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—09A< 11A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 
MITSUBISHI ELECTRIC 


The structure of character ROM (divide of 1216 dots font) 


Example 
ooooooooooo nee) 
Character code OooooOsoOooooo0 Write the character code 00i6 ~ 7Fie to 
oOoo0oOsoOoOoOoO0O addresses 3000,¢ to 3FFFi¢ 
“Are. oOoOooOsosoo0o00o Write the character code 80g ~ FFi¢ to 
oOooososooo0o addresses 4000;¢ to 4FFFi¢ 
DOOSODOOSOOOO 
OOOBSOOOsBOOOO 
DoOoOsSDoOOoOsSOoOoOO 
OoOsOO0OOOOsOoOOO 
oOosOoOo0oOoOoOs80DO0O 
OOggBBeesOoO 
OgOO0O0O0O00D0S8O0 
OsoOo00oo0o0o0oso0o 
OsOoo0OoOooOoso00 
oOoooooooooo0n0 
DoOoOoOoOOOOODOO 
+ Character —+-Character—> 
ROM1 ROM2 
CL 
b7 be bs by bs be bi bo Example 39A0i6 bz bg bs b4 bg be b; Do 
example "© QoOoooOoo oo : 0 OO Fo. 
. 1ODOOOOSOO 4, OOOO Fo. 
31AFi6 20O0ODO0OGOO 04, S9AF 16 2 OOOO Fo. 
3 DOOOSBOED 0, 3 OOOO Fo. 
40ODOODSORO ODA 4 OOOO Fo. 
5’ DDOBOOOM 11. 5 OOOO Fo. 
6 DOO8OO0O8 11. 6 OOOO Fo, 
7 DOOBODOO 11: 7 Fre OOOO Fo. 
8 DOBOOOOO 0 8 MOOO0 Fs. 
9 DOBOUO0O0 20. 9 BOOOD Fs.. 
ADIDSEEEEE 3. A @OOO Fs. 
BOBODOOOO 40. B OBMOO F4. 
c OMBO00O0OOO 40: C OBOO Fae 
oOBOOOO000 40: D OBOO Fe 
—EDOOOOOOO 00, E OOOO Fo. 
FOOOOOOOO 0, F * ODOO Fo. 


¢ MITSUBISHI _— 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—09A< 11A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP | 
MITSUBISHI ELECTRIC 


Inputting the test character pattern 
Write the following character pattern to the specified addresses. 


(1) Pattern 1 













a 
SFEO;6 
37E116 0416 BFE 146 
37E216 0016 
37EAi6 
B7ESi6 | Ore | SFESig | F206 

37E616 1016 F016 


37E7i6 Olis 3FE746 F016 
37E916 
S7EAis | 0015 | SFEArs | FB 
S7EBis | 4015 | SFEBig | Ore 
37EC16 
37EDi6 


S7EE 16 SFEE 16 
S7EF 16 SFEF 6 


Character code “7E4,¢” 
























(2) Pattern 2 












Address : Address 
37F0ig | 001% |  3FFOi6 F016 
37Flre | Ore =~ || SFI =| FO 
37F 246 0046 3FF246 F016 
SFF316 FO,6 
37F 446 0016 F016 
37F 516 0016 3FF5i¢ FOi6 
F016 
F016 
[a7FBie | 00 | 9FFBie | FOre | 
| 87FCig | re =S |S FFCig ~— | Fre 
| S7FDig | 0016 ~S | SFFDig =| FOr 
| 06 
a ee 


S7FE 1, 3FFE16 
37FF 16 3FFF ig 


Character code “7Fi,” 


























ate MITSUBISH 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—01A< OYA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 





Note : Please fill in all items marked. 


Submitted by 
Company : 






issuance 
signature 





name 
* | Customer 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 


differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM | | | | (hexadecimal notation) 


L] 27256 


EPROM type 





address 


000016 ee naa eee, for ASCII codes of ane name 
OO0Fi¢ | Of the ee naa eee, ‘M37250M 


aU LLL 


100016 
| Character OMT ROM1 
17FFi6 


180016 
Character ROM2 
1FFFi6 : 


200016 


ROM( 24K) 





(1) Set “FF,,” in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product ‘M37250M6-’ to addresses 000016 to 000F 46. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37250M6-XXXSP) and attach to the mask ROM confirmation 
form. 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—01A< OYA0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 
MITSUBISHI ELECTRIC 


*3. 1 IC bus* 
Would you use I?C bus function ? [Use CINot use 


* 3. 2 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 


*3. 3 Comments 


Writing the name of the product and character ROM data onto EPROMs. 


Addresses 0000;¢ to OOOF;, store the name of the product and addresses 10001, to 1FFF,. store the character ROM : 
data. Write the following ASCII codes that indicates ‘M37250M6-’ to addresses 00001, to OO0F;¢. 

lf the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 














1. Inputting the name of the product with the ASCII code. Address Address 

ASCII codes ‘M37250M6-’ are listed on the right. 000046 0008;5 [‘—’=2 D4. 
The addresses and data are in hexadecimal notation. 000146 000946 
000216 000A16 
000346 000B46 

000416 000C 6 

000516 000D 46 

000616 OO0Ei. F F 4¢ 

000716 000F 4 





2. Inputting the character ROM 


Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 


* : Purchase of Mitsubishi Electric Corporation’s I7C components converys a license under the Philips I°C Patent 
Rights to use these components in an I2C system, provided that the system conforms to the 1?C Standard Speci- 
fication as defined by Philips. 
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The structure of character ROM (divide of 12X16 dots font) 





Example 

OOOOOOOOoOoO00 

Character code OOODOsSOOOOO00 

OODDOSBOOOOO0 

“Awe OOOOSOBOOOOO 

OOOOsSOBOOOOO 

ODOOSODOOSsSOOOO 

OOOSOOOBSODODOOO 

OOOsSDOOsOoOoOO 

DosoooooOsoOoo 

OoOBsSODDOOOsBD00 

OOSEREBSERaBO0O00 

OmSODOODOO0OOSOO 

OgBSOO0ODOOOOS800 

OBOOOOOOO0OS800 

DOoOoOoOoOoOoooOoo 

DOOOOOOOODO00 

+ Character —»+-Character—> 
ROM1 ROM2 
a 
b7 be bs by bs be by; bo | 19A0 b7 bs bs b4 bs bz by Do 
Example 1408 | AOooOoO oo, a OOO Fo. 
1 OQOOD0DOGOO 0416 1 OOOO Fo. 
11AF,,2 QOD0O0O@OO o, 19AFig 2 OOOO Fo. 
3 DODOSORO 0, 3 OOOO Fo. 
4Q00ODSOLD oa. 4 OOOO Fo. 
5 OO0OBUO00O8 11,, 9 OOOO Fo. 
600080008 11, 6 OOOO Fo. 
7 0DO0s80008 11. 7 Fe OOOO Fo. 
8 DOBOOOOO 20. 8 WOOO Fs. 
9 ODOBOUO00 20, 9 BOC Fs. 
ADDUSGEERGSH 3. A @OOO Fs. 
BOBODOOOO 40 B OBMOO Fa. 
c OBO0DOOO 4. C OBOO F4, 
DOBOOOOOO 40, D OBO Fa, 
EOOOOOOO0 00, E - OOOO Fo. 
FOOOOOODOO 00, F ODDO Fa. 
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Inputting the test character pattern 
Write the following character pattern to the specified addresses. 


(1) Pattern 1 






be tisiacas. Saeee Address | Data ~— | Address | = Data 
aracter code 16 17E0,. 1FEO,, 
1FE14¢ F046 








































1FE216 F446 
1FE316 F016 

1FE416 

1FESi¢ 26 ca 
1046 1FE616 F016 
O16 WFE7ie | __—FOns 
17E816 8016 1FE816 F016 
17E9i6 | OB 1FEQ16 F016 
17EAi6 0046 1FEAi6 F816 


























(2) Pattern 2 





Character code “7F4,” 
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MITSUBISHI ELECTRIC = 
signature signature 


Note : Please fill in all items markedX. 


Company Submitted by 


name 
* | Customer 
'—* . 
'—* 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM rt i tf (hexadecimal notation) 
EPROM type 
L] 27512 


address 


000016 | Area FRc ae ASCIi codes Ay pe name 
000Fi6 V7, FRc ae ‘M37260 


ROM(24K) 









issuance 
signature 


























2FFFi6 
300016 


TFFF16 
800016 


SFFF16 
A00016 








FFFFi6g 


(1) Set “FF,,” in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product ‘M37260M6-’ to addresses 000016 to O00F y6. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37260M6-XXXSP) and attach to the mask ROM confirmation 
form. 





oe te a 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 
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*3. 1  I?C bus* 
Would you use |?C bus function ? [Use CINot use 


x3. 2 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 


* 3. 3 Comments :s 


Writing the name of the product and character ROM data onto EPROMs. 


Addresses 00001. to OOOF1,¢ store the name of the product and addresses 3000;, to 7FFFi¢ store the character ROM 
data. Write the following ASCII codes that indicates ‘M37260ME6-’ to addresses 0000;¢ to OOOFj.. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 












1. Inputting the name of the product with the ASCII code. Address Address 

ASCII codes ‘M37260M6E-’ are listed on the right. 0000;. 000816 ‘—' = 2 Dig 

The addresses and data are in hexadecimal notation. 000146 000916 
000216 000A16 
000316 000Bi¢ 
000416 000C 16 
000516 000Di6¢ F F4¢ 
000616 O00E:., F Fie 
000716 O00Fi¢ F F 4¢ 








2. Inputting the character ROM 
Input the character ROM data by dividing it into four parts. For the character ROM data and test character pat- 
terns, see the next page and on. 


* : Purchase of Mitsubishi Electric Corporation’s 1?C components converys a license under the Philips I°C Patent 
Rights to use these components in an I?C system, provided that the system conforms to the I?C Standard Speci- 
fication as defined by Philips. 
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The structure of character ROM (divide of 16X20 dots font) 


Example 


Le | | 
DDLULDODDOERREBOED 


Character code (JLINILIUIUL EM 
OOUUUUE 


(n=0~1FFie) JLLLULEOO 
KIO 


Character 
ROM address 


by be bs by bg by by bo 
3000;6+20:6XmetOe (JL ILITITILILIL] 006 
3000:16+20:6Xmet216 LILILILILILILIL] 6 
3000i6+20i6Xmot 416 (LJLILILICILILI ot 
3000 :6+206Xm6t6i6 (| JL ILILILILIG§ 116 
3000;6+20:6Xniet Big (I ILICILIC IML] 0216 
3000:16+20:6XmetArs [ I ILILIL ILI) 02:6 
3000;6+20:6XmetCre [| ILILITI LILI 0416 
3000;6+20:6XMetEre (][ JC ILICIMLIL] 0416 
3000:16+20.6Xmet106[ IT ILILIBCILIC 08:6 
3000;6+ 20;6Xniet12:6( |{_ | ICEL ILIL] 08:6 
3000:;6+ 20:6Xmiet 1416 |[ JL || IL IL] 08:6 
3000;6+20:65Xmiet 1616 IC | IBCICILIC 10. 
3000:6+20:6Xnie+18:6(_][_ |_| iF. 
300016 +20:65X niet tArel |f JIL ICICI] 106 
3000i6+20:6Xniet1Cisl_ | |ECILITILILI 20. 
3000i6+ 20:6Xnict1E:6(_ |{_ BC IL ILILIL] 20:6 


b7 bg bs b4 bs bz bi bo 
7000;6+816X Mie t+016 CILIL] 2016 
7000:6+816X niet 216 
700016 +816 X Niet 416 
7000:6+816XNiet+616 


HUUUUUUI 90. 


al 

L a 

‘Nie SE ee acta 
CJ 

[| 





Character 
ROM data 


| | | | | 


Character 
ROM data 


b7 be bs bs bs be by bo 

3000:6+206Xmettre LILILILILILILIL] 01.6 
3000;6+20:6Xmet3ie [IL ILILILILILIL] 6 
3000;6+20:6Xm6t+5i¢6 FL IC ILILILICIL] 80:6 


Character 
ROM address 


3000;6+ 20.6Xnet716 FIOICICIDOOIU 806 
3000164 2016X Niet 916 OBOODOOO 4016 
30006 +2016X niet Bis | ae 4016 
3000 6+ 2016X nig tDig OUIBOUDOOO 2016 
3000:6+20:6XmetFic LILIMLILILILIC) 206 
3000:e+ 20:eXrettti¢ LILO 10. 
300046 +2016 X Nig t 1316 Ba) ae 1046 
300016+20:6Xm6+1516 CJL IL IBBLILILIL 1016 
3000;6+2016X Ne t17 16 Bane) ne 0816 


3000:6+20.6Xnict19¢ BR ICIC) rs.. 
3000:6+20i6Xmiet1Bis [ |L |_ILIEBLICIC] 08,6 
3000:6+20:6Xmet1Die | IL ILILILIMLIL] 04:6 
3000;6+20:6Xm6t+ 1Fis [IL ILILILIMLIC 046 


b7 be bs by b3 bz by bo 

HININJNIUIBUIL 94. 
DOOWQUOEL 0. 
OOWLNIOOLEU 02. 
OUOOUOU 00.6. 


7000164816 X Net 116 
7000,6+816X Niet S16 
7000;6+816X Nig t5i6 
700016+816X Nig t7 16 
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Write the following character pattern to the specified addresses. 


Pattern 1 


BOOOSOCOCOOOECOOUS 
OOOOOROCOOoOoOOo 
DOOOOODOOOOOOOOO 
OOOOHOOOOOOOOUoOW 
OBDOOBUOCOESOCOUsSOU 
OOOOOCOOOROOOOo0O 
ODOOOOOOOOOOOCoOO 
DNOOOODOOOOOOOOoO 
OOSDODOBOODOSOUOEL 
DOOOOOROOOOOOOUOO 
OOOOOOOOOOOOoROoOO 
ODOOOOOOOOOOODOOoO 
OODOSOOOSOOOEOOO 
OOOOODORDoOoOooOoO 
DOOOOROHOOOORoAOTW 
OOOOOOOOROOoOOoOo 
OOOOSOOOSOCOsOO 
DOODOOODOROoOCoOo 
OOOODOOROoOOoOooOO 
BOOOOOOOOOOECOos 


Character code “1FEj.¢” 











Pattern 2 


OOOOOCOOROoOOOCOO 
DOODOOOCCHOOOOoOOo 
DOOOOOOOOOOOOROo 
OQOOOOOOROOOOOoROO 
DOOOODOOOOOOOoRoO 
DOOOOOOOOCOOoNoOo 
O 
ma) 
CJ 





OOOOOOROOOoOoOoo0o 
DOOOOOOOOOOOOoUoU 
OOOOOOOOOCOOOooO 
ODOOOOOOOROOoOoOoO00 
DOOURCOOoOoOooOoO 
OOOOOOOOOOOOOOO 
OQOOOOCROOOOORooO 
OOOOOOOOOOOOOooOO 
OOUOOOUOOOOOCOO 
OOOOOOOOOOOOoRoO 
OOOOOOOOOOOoOoo 
OOOOOOBOOOOOROoOO 
DOOORCODOOOOOOo 
OOOOOOCOOOOOOOOOU 


Character code “1FF4,¢” 





















ae 
6FCI re the 





OFD216 00% 


6FD316 0016 













0016 











6FD4i6 0016 = 
6FD5i6 0016 







0016 




































0016 0016 

a 

[eFC | Os [oom 
6FCDj¢ 0016 
0016 

a 





J 


1 





Data Address Data 
6FE116 0016 6BFFiig | 001% id 
| 0016 

















ks a 
a 





Oe | 6FF715 | 006 
00 
[TFFB 5 [00g | 7FFCe | 006 | 


7FFAt6 7FFErs | O01 
7FFBi6 7FFF 16 0016 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP MICROCOMPUTER M37409M2-XXXSP/FP 


Date : 

MITSUBISHI ELECTRIC 
Section Bead pervisor| 
signature signature 





Note : Please fill in all items marked. 






Submitted by 












Company 
name 





TEL 
aed 
; ( ) ez 
* | Customer 5 S 
Date Lar 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets af EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name :‘ [] M37409M2-XxXXxSP [J M37409M2-XXXFP 


Checksum code for entire EPROM fr | | df (hexadecimal notation) 


EPROM type 


L] 27128 


Address Address 
0000 
'° | Area for ASCII 000016) area for ASCII 
codes of the codes of the 
catalog name -  |catalog name 
‘M37409M2—’. ‘M37409M2—’ 








(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 0000:. 0008;. ‘'—' = 2 Dig 
the product ‘M37409M2—’ to addresses 00004. to 000146 000916 
OOOF1¢. ASCII codes ‘M37409M2—’ are listed on 000246 000Ai6 
the right. 000316 000Bi¢ 
The addresses and data are in hexadecimal nota- 000416 000Ci¢ 
tion. 000516 000D16 
000616 | O00E16 
000746 000F 14 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37409M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


* =4$C000 
The pseudo-command 
.BYTEA ‘M37409M2—’ 


This is an example when the start address of internal ROM is FO00j.. 
















* =A$E000 
BYTES ‘M37409M2—’ 






% 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (52P4B for M37409M2-XXXSP ; 50P6N for M37409M2-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM 




















Issuance 
signature 





SINGLE-CHIP MICROCOMPUTER M37410M3HXXXFP 
MITSUBISHI ELECTRIC 
Note - Please fill in all items marked. 
hame ( ) 
Customer 
Date ‘ 
* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 
Checksum code for entire EPROM Pt | i (hexadecimal notation) | 
EPROM type 
L] 27128 L} 27256 [] 27512 
address 0000 
0001 
























address 0000 


0001 
0002 


Port P3 pull-up 
Port P4 pull-up 
Port P5 pull-up 















Port PO pull-up 
Port P1 pull-up 
Port P2 pull-up 




















|__ Port P2 pull-up | 
Port P3 pull-up 
Port P5 pull-up 
Port P2 key on wake-up 










Set “FF,” in the shaded area. 


* 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (80P6S for M37410M3HXXXFP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37410M3HXXXFP 
MITSUBISHI ELECTRIC 


* 4. Option specification (write the option data also at the specified address in the EPROM) 
1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 
PO, PO, POs; PO, P03 P02 PO, PO, 


address 000016 


2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
P17 Pig Pigs P14, P13 Plo Pty Pio 
waoweore | [ |) | TLL 
3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P2, P2,— P2, P24, P23 P22 P2, P2p) 


wmon[ TT 111. 


4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P3, P38. P35 P38, P33 P82 P38; P28» 


emo TT TT 1 1 


5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 


P4, P4, P4, Pdo 


vemos [Tol fe] | |] 


6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 
P5, P5g P55 P54 P53 P52. P5, P5o 


address 00051. 


7. Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 


KW, KWe KWs KW, KW3 KWo KW, KWo 


wom || TTI. 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP MICROCOMPUTER M37410M4HXXXFP 
MITSUBISHI ELECTRIC 













Date : 


Section head} Supervisor 
signature signature ‘ 


Note : Please fill in all items marked>X 


TEL Submitted by | Supervisor 
Company 
name ( ) 
*X | Customer 










oo 

23 

So c 

25 
Date Date : 2-9 
issued ° 


x 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM Pi [| i (hexadecimal notation) 
EPROM type 


L] 27128 L| 27256 [| 27512 

















address address 7 address 
0000 Port PO pull-up 0000 Port PO pull-up 
0001 Port PT pull-up 0001 Port P1 pull-up 
0002 Port puil-u | 0002 ort pull-up 
0003 Port P3 pull-up 0003 ort pull-up 
0004 Port P4 pull-up 0004 ort pull-up 
0005 Port P5 pull-up —__ | 0005 Port P5 pull-up 
0006 [Port P2 key on wake-up 0006 |_ Port P2 key on wake-up 
0007 0007 
6000 ROM(8K) £000 
7FFF FFFF ROMER) 











Set “FF,,” in the shaded area. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37410M4HXXXFP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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* 4. Option specification (write the option data also at the specified address in the EPROM) 
1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 
PO, POs PO; PO, POs; PO2 PO, PO, 


address 000016 


NO 


. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Piz Pilg Pig Pts P13 Plo Pt, Pio 


wen [| | 11d. 


Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


a 


P2, P2,— P25 P24, P23 P22, P2,; P2) 


address 000216 


4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 
P38, P3— P35 P38, P33 P38, P3, PS, 


address 00031. 


5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 


P4; P4, Pd, 


wmv [e[ole[o] | | | 


6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 


P57 PSs PSs PS, P53 PS2 PS, Pdo 


wom [| | 111 ld 


7. Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 
KW, KW. KWs KW, KW3 KWe KW, KWo 


address 0006;. 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 
SINGLE-CHIP MICROCOMPUTER M37410M6HXXXFP 
MITSUBISHI ELECTRIC 








Section head| Supervisor 
signature signature 


Note : Please fill in all items marked. 


Company Submitted by 


name 
* | Customer 
ae | 
ae 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 


differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM | | ft | (hexadecimal notation) 
EPROM type 


LJ] 27128 Ll] 27256 [| 27512 


address address 
0000 
0001 


Issuance 
signature 


address 


0002 
0003 


0004 





Set “FF,” in the shaded area. 


%* 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (80P6S for M37410M6HXXXFP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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* 4. Option specification (write the option data also at the specified address in the EPROM) 
1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 
PO; POg 'POs PO, PO3 PO. PO; PQ 


address 0000i¢ 


NO 


. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
P1, Pig Pls Pl4 Pla Plo Pt, Plo 


address 0001i6 


oo 


. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 
P2, P2, P25, P2, P23 P22 P2, P2) 


address 0002:. 


4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


address 0003,, 


5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 


P4s P4, P4, Pdy 


vemos [ololel>| | | | 


6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 
P5, P5gs P5s; P54, P53 P5, P5, P&o 


address 0005;. 


7. Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 
KW, KW. KWs KW, KW3 KWo KW, KWo 


address 0006,;., 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—54A< 83B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37412M4-XXXFP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 





Note : Please fill in all items marked. 


Submitted by 
Company 









Issuance 
signature 


name 
* | Customer 
Date 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM ri i di (hexadecimal notation) 
EPROM type 


L] 27128 L] 27256 LJ 27512 


Address Address Address 


000016] area for ASCII 000046 | area for ASCII Area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
‘M37412M4—’ ‘M3741 2M4—’ ‘M3741 2M4—’ 











STP option STP option 


Man 


ROM( 8 K) ROM( 8 K) 


























(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 0000;.¢ 00081. ‘—' = 2 Dig 
the product ‘M37412M4—’ to addresses 0000; to 000146 000946 
QO00F 1s. ASCII codes ‘M37412M4—’ are listed on 000246 000Ai6 
the right. The addresses and data are in hexade- 000316 O00Bi¢ 
cimal notation. 000416 000C 16 
Write the option data to address 00104. 000516 000Di¢ 
00061. OO0E16 F F 46 
000716 O00F 16 











¢ MITSUBISHI =, 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—54A< 83B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37412M4-XXXFP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type | 27256 27512 





* =A$C000 * = 4$8000 * =4$0000 
The pseudo-command 
BYTEA ‘M37412M4—’ BYTEA 'M37412M4—’ .BYTEA ‘M37412M4—’ 
This is an example when the start address of internal ROM is E00046. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (72P6 for M37412M4-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments 


* 4. Option specification (write the option data also to the specified address of the EPROM) 


1. STP instruction option 


[] When STP instruction is valid ---117+7++e++- 
cae ee Address 001016 
L] When STP instruction is invalid -++++++++++++- 


Recommend to writing the following pseudo-command to the assembler source file : 


| | | * =A$C010 + =A$8010 * =A$0010 
1. STP instruction option 
.BYTEA$XX .BYTEA$XX 












BYTES $XX 


Note . If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 








MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—35A< 13A0 > 


Mask ROM number Low 


Section head; Supervisor 
signature i 


Note : Please fill in all items marked. 


Submitted by 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 
MITSUBISHI ELECTRIC 































TEL 
Company 2 © 
neme ies 
* | Customer D o 
” = 
Date = 3 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM Pt [| (hexadecimal notation) 
EPROM type 
[] 27128 [] 27256 


LJ] 27512 


Address 


000016 Area for ASCII codes of the 
O00F16 | name of the product ‘M37413M4H’ 


001016 
pone 
001246 
001316 
001416 
001516 
001746 
a 


were (MET TL 


200016 
SFFF16 ROM(8 K) 


Set “FFig” in the shaded area. 


Address 


000046 

Area for ASCII codes of the 
O00F 16 | name of the product ‘M37413M4H’ 
001016 | Port PO pull-up 
001116 | Port P1 pull-up 
001246 | Port P2 pull-up 
001316 | Port P3 pull-up 
001416 | Port P4 pull-up 


001516 
001816 


a TT 





Address 


000F1¢ | name of the product ‘M37413M4H’ 

001016 
pel 
001616 
a 


orem LTTE LLL 








Write the ASCII codes that indicates the name of the product ‘M37413M4H’ to addresses 0000. to 


OOOF 46. 


Write the option data to addresses 001046 to 001946. 


MITSUBISHI 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—35A< 13A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 
MITSUBISHI ELECTRIC 


x 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (80P6S for M387413M4HXXXFP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 


* 4. Option specification (write the option data also at the specified address in the EPROM.) 
1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 
PO, POg POs PO, POs P02, PO, PQ 


address 0010i¢ 


2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 
P1, Pig Pls Pl, Pilg Plo Pl, Plo 


address 001146 


3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 
P2, P2, P25 P2, P23 P22 P2;, P2) 


address 001246 


4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 


P38, P3. P35 P3, P33 P32 P3, Po 


wom | [111111 


5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 


P4, P4g P4g P4, P4g P4, P4, Pdo 


vemos TT T1111 


6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 





P5, P5— P53 P5, P53 P5. P5, Pd, 


womone TT TTI 11 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—35A< 13A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 
MITSUBISHI ELECTRIC 


7. Port P2 key on wake up (if built-in is desired write 1, if not write 0) 


KW, KWe KWs KW, KW3 KWo KW, KWo 


address 001646 


8. Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 


P6, P6. P6s P6, P63 P62 P6, PG, 
address 001746 


9. Port P7 pull-up transistor (if built-in is desired write 1, if not write 0) 
P77 P7— P?fs P74 P73 P72 P77, Po 
address 0018;, 


10. Port P7 key on wake up (if built-in is desired write 1, if not write 0) 


KU; KU, KUs KU, KUg KU. KU, KUp 
address 0019;. 


¢ MITSUBISHI = 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—35A< 13A0 > 


Mask ROM number Cw 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 
MITSUBISHI ELECTRIC 


Writing the name of the product and option data onto EPROMs. 


Addresses 0000,;¢ to OO0F,, store the name of the product and addresses 001016 to 001916 store the option data. 
Write the following ASCII codes that indicates ‘M37413M4H’ to addresses 0000, to 000F 46. 

Write data according to the option data sheet to addresses 00101, to 00194.. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

As for the option, if the contents of the confirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 








1. Inputting the name of the product with the ASCII code. Adress a Address 
ASCII codes ‘M37413M4H’ are listed on the right. 000016 000816 
The addresses and data are in hexadecimal notation. 000116 0009;. 

000216 000A. 
00034, 000Bi¢6 
00041. 000Ci¢ 
00051. 000Di¢ 
00064. OO0Ei6 
000746 O00F 16 


























Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 





2/128 


27256 


27512 





The pseudo-command 


* =$C000 


BYTES ‘M37413M4H’ a 





* = $8000 


BYTES ‘M37413M4H’ 





_l 


* = $0000 


.BYTEA ‘M37413M4H’ 





This is an example when the start address of internal ROM is FO00;¢. 


2. Inputting the option data onto the EPROMs. 
Write the following pseudo-command to the assembler source file : 



































EPROM type 2/128 27256 27512 
* =$C010 * =$8010 * =$0010 
PO pull-up BYTEA$XX BYTEA$XX .BYTEAS$XX 
P71 pull-up BYTEA$XX BYTEA$XX .BYTEAS$XX 
P2 pull-up BYTEA$XX BYTEA$XX BYTEA$XX 
P3 pull-up BYTES $XX .BBYTEA$XX .BYTEAS$XX 
P4 pull-up .BBYTEA$XX BYTEA$XX BYTEA$XX 
P5 pull-up .BYTEA$XX BYTEA$XX BYTEA$XX 
P2 key on wake up .BYTEA$XX BYTEA$XX BYTES $XX 
P6 pull-up .BYTEA$XX BYTEA$XX BYTEA$XX 
P7 pull-up BYTEA$XX BYTEA$XX BYTEA$XX 
| P7 key on wake up .BYTEA$XX .BBYTEA$XX BBYTEA$XX 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—36A< 13A0 > 


Mask ROM number Feed 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 





Note : Please fill in all items marked 


Specify the name of the product being ordered and the type of EPROMs submitted. 


Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 


If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM | [ | (hexadecimal notation) 
EPROM type 
L] 27128 L| 27256 L] 27512 














Company 
name 
%* | Customer 
Date 
issued 


* 1. Confirmation 


Issuance 
signature 








Address 


O00F 6 | Name of the product ‘M37413M6H’ 


001 916 Port P7 key on wake up 


VLLLEL LLL LE 
| rom 


ROM(12K) 


Set “FF,,” in the shaded area. 
Write the ASCII codes that indicates the name of the product ‘M37413M6H’ to addresses 00004. to 


OOOF 16. 


Address 


000016 
Area for ASCII codes of th 
Q00F 16 | hame of the product ‘M37413M6H’ 
001016 Port PO pull-up 
001116} port Pi pull-up 


001216 | Port P2 pull-up 
001316 | Port P3 pull-up 


001416 | Port P4 pull-up 
001546 | Port P5 pull-up 


001646} Port P2 key on wake up 
001716} Port P6 pull-up 


001816 | Port P7 pull-up 
001916 | Port P7 key on wake up 








werra{/LLLLLLLLEN 


500016 


TFFF 46 ROM(12K) 


Write the option data to addresses 001016 to 001946. 


9 MITSUBISHI 
ELECTRIC 





Address 





000016 Area for ASCII codes of the 
000F 46 | Name of the product ‘M37413M6H' 


se 


D00016 
FFEF 6 ROM( 12K) 











MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—36A< 13A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 
MITSUBISHI ELECTRIC 


\ 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37413M6HXXXFP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 


* 4. Option specification (write the option data also at the specified address in the EPROM.) 
1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 


PO; PO, POs PO, P03 P02 PO; PO 


2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Pl, Plg Pls Pilg Pig Plo Pt, Po 


3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P2, P2, P25, P24, P23 P22, P2, P2% 


4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 
P3, P38, P35 P38, P33 P32 P38, P35 


address 001346 


5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 
P4, P4g P4, P4, P4g P4, P4, Pd 


address 001416 


6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 
P5, P5g P55 P5, P53 PS. PS; Pdo 


address 001546 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—36A< 13A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 
MITSUBISHI ELECTRIC 


7. Port P2 key on wake up (if built-in is desired write 1, if not write 0) 
KW, KW. KWs KW, KW3 KWo KW, KW, 


address 00164. 


8. Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 
P67 P66 P65, P64, P63 P62 P6, P6 


address 001716 


9. Port P7 pull-up transistor (if built-in is desired write 1, if not write 0) 
P77 Ple Pls Pla Pl3 Plo P71 Po 


address 00184. 


10. Port P7 key on wake up (if built-in is desired write 1, if not write 0) 
KU; KU, KUs KU, KU3 KU. KU; KUy 


address 0019;. 


MITSUBISHI 5—53 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—36A< 13A0 > 


Mask ROM number a 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 
MITSUBISHI ELECTRIC 


Writing the name of the product and option data onto EPROMs. 


Addresses 0000. to OOOF,, store the name of the product and addresses 001016 to 00191, store the option data. 
Write the following ASCII codes that indicates ‘M37413M6H’ to addresses 0000, to OOOF4¢. 

Write data according to the option data sheet to addresses 001016 to 001946. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

As for the option, if the contents of the confirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 


























1. Inputting the name of the product with the ASCII code. Adress Address 
ASCII codes ‘M37413M6H' are listed on the right. 0000:¢ 00081. 
The addresses and data are in hexadecimal notation. 000146 000946 

000216 O00Ai6 
000316 000B;. 
0004:.6 000Ci, 
00051. 000Di¢ 
00061. 5 OOOEi. 
000716 6 ig O00F 16 














Recommend to writing the following pseudo-command to the start address of the assembler source program. 





EPROM type 





2/128 


27256 


—— 





The pseudo-command 





* =$C000 


-BYTES ‘M37413M6H’ 


* = $8000 


-BYTEA ‘M37413M6H’ 





27512 





* =$0000 


BYTES ‘M37413M6H’ 





This is an example when the start address of internal ROM is F000;.. 


2. Inputting the option data onto the EPROMs. 
Write the following pseudo-command to the assembler source file : 
































= EPROM type 27128 27256 27512 

* =$C010 * =$8010 * =$0010 
PO pull-up BYTEA$XX BYTEA$XX BYTEA$XX 
P1 pull-up BYTEA$XxX BYTEA$XX BYTEA$XX 
P2 pull-up BYTEA$Xx BYTEA$XX BYTEA$XX 
P3 pull-up BYTEA$XXx BYTEA$XX BYTEA$XX 
P4 pull-up BYTEA$Xx BYTEA$XX BYTEA$XX 
P5 pull-up BYTEA$Xx BYTEA$Xx BYTEA$XX 
P2 key on wake up BYTEA$Xx BYTEA$XX BYTEA$XX 
P6 pull-up BYTEA$Xx BYTEA$Xx BYTEA$XX 
P7 pull-up BYTEA$XX BYTEA$Xx BYTEA$XX 
P7 key on wake up BYTEA$Xx BYTEA$XX I BYTEA$XX 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—11A< 96A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37414M5-XXXFP 
MITSUBISHI ELECTRIC 


Section head; Supervisor 
signature signature 





Note : Please fill in all items marked. 


Company 
name 






* | Customer 


Issuance 


Date 


issued 


%* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 


differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM 1 | | [ (hexadecimal notation) 
EPROM type 
L] 27128 L] 27256 L] 27512 


Address Address Address 


000016 | Area for ASCII Area for ASCII 000016 | area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
‘M3741 Te eas cs 


STP | STP option | STP | STP option STP | STP option _| 


HU, | WTI) | TIT 


ROM(10K) ROM(10K) ROM(10K) 











(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 00004. 00084, 
the product ‘M37414M5—’ to addresses 00001, to 000146 000916 
O00Fi¢. ASCII codes ‘M37414M5 —’ are listed on 0002i¢- OO0Ai¢ 

the right. The addresses and data are in hexade- 000346 OO0Bi¢ 
cimal notation. 000416 000Ci¢ 
Write the option data to address 001046. 000516 000Di¢ 
000616 OO0Ei. 

000716 OOOF 16 

MITSUBISHI 5—55 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—11A< 96A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37414M5-XXXFP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27128 27256 27512 





* =4$C000 * =4$8000 * =4$0000 
The pseudo-command 
.BYTEA ‘M37414M5—’ BYTES ‘M37414M5—’ BYTES ‘M37414M5—’ 


This is an example when the start address of internal ROM is D800 46.. 
X > Mark specification | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (72P6 for M37414M5-XXXFP) and attach to the mask ROM confirmation form. 


* 3. Comments 


* 4. Option specification (write the option data also to the specified address of the EPROM) 


1. STP instruction option 


[] When STP instruction is valid «r++ 
cate Address 001016 
L] When STP instruction is invalid -+++++++++++++- 






EPROM type 27128 27256 27512 


*=4$C010_ - * =4$8010 * =4$0010 
1. STP instruction option 
.BYTEA$XX .BYTEA$XX .BYTEAS$XX 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 








5—56 aha MTSURISH | . 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—86A< 91A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37415M4-XXXFP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature signature 





Note : Please fill in all items marked. 


Submitted by; Supervisor 
Company 






Issuance 
signature 


name 
* | Customer 
Date 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM P| [i (hexadecimal notation) 
EPROM type 


LI 27128 L] 27256 L] 27512 


Address Address Address 
Port PO pull-up 




















0000! Port PO pull-up 


















Port Pi p 0001| Port P1 pull-up Port PT pull-up 
Port P2 pull-up Port P2 pull-up ~~ Port P2 pull-up 
| Port PS pull-up | Port P3 pull-up Port P3 pull-up 











4| P35 output type 
CNTR pull-up — 








__P3s5 output type 
CNTR pull-up 


£000 ~ ia 
ROM(8K) 









ROM(8K) 





Set “FF,,” in the shaded area. 


%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (80P6S for M37415M4-XXXFP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—86A< 91A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37415M4-XXXFP 
MITSUBISHI ELECTRIC 


%* 4. Option specification (write the option data also at the specified address in the EPROM) 
1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 
PO, POs POs PO, P03 PO, PO, PO, 


address 00004, 


2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 


Pi7 Pig Pigs Pig P13 Plo Pty Plo 


wmoee[ | | ||| 1d 


3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 


P2, P2g P25; P2, P23 P22, P2, P2 > 


wmwoere[ | || || 1 


4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 
P37 P38, P35 P38, P33 P32. P38, P39 


address 00034. 


5. Port P35 output type (if Nch open drain is desired write 1, if CMOS write 0) 


-—womsoss [Tel [o] ole] o| 


6. CNTR pin pull-up transistor (if built-in is desired write 1, if not write 0) 


CNTR 


vemos [o]o[ [ole [e]o] 
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GZZ—SH01—83A< 8ZA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37416M2-XXXSP/FP 


MITSUBISHI ELECTRIC Date: | 
Section head; Supervisor 
signature signature 





Note : Please fill in all items marked. 






Submitted by 















TEL 
Company oa 
name ( ) Q 5 
x | Customer ss 
8D 
Date =— "8 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name - [] M37416M2-XXXSP L] M837416M2-XXXFP 


Checksum code for entire EPROM rT ff (hexadecimal notation) 
EPROM type 
Cl 2764 [] 27128 [] 27256 


Address Address Address 


Area for ASCII |, Area for ASCII 000016 | area for ASCII 
codes of the name codes of the name 
of the product of the product 


000016 


‘M37416M2—’ ‘M37416M2—’ 








(1) Set “FF,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000016 |‘M’=4Dj,.| 0008, |'—’ =2 Dig 
the product ‘M37416M2—’ to addresses 0000;¢ to 000146 000916 
Q00F;5. ASCII codes ‘M37416M2—’ are listed on 000216 (3.7 000A16 
the right. The addresses and data are in hexade- 000316 =34 O00Bi¢ 
cimal notation. 000416 = 3-1 000Ci¢ 
000516 = 36 000Di¢ 
00061. =4D 000E 46 
000746 000F 16 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37416M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 2764 


* =O$E000 
The pseudo-command 
.BYTEA ‘M37416M2—’ 


This is an example when the start address of internal ROM is F000. 











* =4$C000 
BYTES ‘M37416M2—’ 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37416M2-XXXSP ; 56P6N for M37416M2-XXXFP) and attach to 
the mask ROM confirmation form. | 


* 3. Comments 





ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—17A< 96A0 > 
SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


Section head| Supervisor 
signature signature 
















Issuance 
signature 








MITSUBISHI ELECTRIC 
Note : Please fill in all items marked. 
Customer 
Date 4 
* 1. Confirmation 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 
L] 27128 L] 27256 LJ 27512 
Address Address Address 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
LEFELLL ELLE LLL 


SINGLE-CHIP MICROCOMPUTER M37420M4-XXXSP 
name 
( ) 
Specify the name of the product being ordered and the type of EPROMs submitted. 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
Checksum code for entire EPROM rt] t (hexadecimal notation) 
EPROM type 
otis Area for ASCII 000046 Area for ASCII 000016 Area for ASCII 
OOOF 16} ‘M37420M4—’ ‘M37420M4—' ‘M37420M4—’ 
~ ROM(8K) ROM( 8 K) 











(1) Set “FF,,—” in the shaded area. Address Address 

(2) Write the ASCII codes that indicates the name of 000016 00081. ‘—’ = 2 Dig 
the product ‘M37420M4—’ to addresses 0000,¢ to 000116 000916 
Q00Fy5. ASCII codes ‘M37420M4—’ are listed on 000246 000Ai¢ 

the right. The addresses and data are in hexade- 0003.4, 000Bi6 
cimal notation. 000416 000Ci¢ 
Write the option data to addresses 0010;, and 00051. 000Di¢ 
001146. | 000616 000E1¢ 

| 000716 000F 16 
MITSUBISHI 5G) 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—17A< 96A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION-FORM [Mask ROM number |_| 


SINGLE-CHIP MICROCOMPUTER M37420M4-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27128 27256 27512 


* =A$C000 * = A$8000 * =4$0000 


The pseudo-command 
.BYTES ‘M37420M4—’ BYTEA ‘M37420M4—’ BYTES ‘M37420M4—’ 





This is an example when the start address of internal ROM is E000;.. 
* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37420M4-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 


* 4. Option specification (write the option data also to the specified address of the EPROM) 


L] STP instruction is valid  -errrsreeeeeeeeee  O1ie | Adres OGiG 
L] STP instruction is invalid -+++++++++++++++" mo 
2: 
Reset by the watchdog oo... 
U timer is valid 


Address 001146 
oO Reset by the watchdog 


timer is invalid Corer rorcessessere 


Recommend to writing the following pseudo-command to the assembler source file : 


EPROM type 
* =4$C010 * =4$8010 * =4$0010 


STP instruction option .BYTEA$XX .BBYTEA$XX BYTES $XX 
W.D.T option BYTES $XX BYTEA$XX BYTES $XX 





Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—96A< 92A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM | [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37420M6-XXXSP 
MITSUBISHI ELECTRIC 







Section head} Supervisor 
signature signature 














Issuance 
signature 





ae 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
EPROMs submitted. 


Date 
issued 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
Checksum code for entire EPROM Ft | (hexadecimal notation) 
EPROM type 


Note : Please fill in all items marked. 
name ( ) 
* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
L] 27128 [] 27256 L} 27512 
| Address Address Address 


eeOis Area for ASCII pore Area for ASCII mare Area for ASCI| 


codes of the name codes of the name codes of the name 
of the product of the product of the product 
‘M37420M6—' OOOF,,| ‘M37420M6—’ ‘M37420M6—’ 


TMT 


ROM(12K) 




















(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000046 0008i56 |‘—' =2 Die 
the product ‘M37420M6—’ to addresses 0000j, to 000146 000946 
Q00F 15. ASCII codes ‘M37420M6—’ are listed on 000216 000Ai¢ 
the right. The addresses and data are in hexade- 00031, O00Bi¢ 
cimal notation. 0004, 000Ci¢ 
Write the option data to addresses 0010, and 000516 000Di¢ 
001146. 00064¢ 000E16 
0007 16 000F 16 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37420M6-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27256 27512 





* = A$C000 * = 4$8000 * = 4$0000 
The pseudo-command 
BYTES ‘'M37420M6—’ .BYTEA ‘M37420M6—’ BYTES ‘M37420M6—’ 


This is an example when the start address of internal ROM is D0004¢. 


2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37420M6-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 


* 4. Option specification (write the option data also to the specified address of the EPROM) 


[] STP instruction is valid  -verreererreeeeee ree ee 
L] STP instruction is invalid -++t+rr+r+++++++ 
2 
Reset by the watchdog oo... 
O timer is valid 
Address 0011146 
Reset by the watchdog oo... O06 ; 
a timer is invalid | 0016 | 


Recommend to writing the following pseudo-command to the assembler source file : 


EPROM type 
* =4$C010 * =4$8010 * =4$0010 


STP instruction option .BYTEA$XX .BYTEA$XX .BYTEA$XX 
W.D.T option BYTES $XX .BYTEAS$XX BYTEA$XX 





Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37424M8-XXXSP 
MITSUBISHI ELECTRIC 


Date : 


Section head! Supervisor 
signature signature 


Note : Please fill in all items marked. 









Submitted by 












TEL 
Company oo 
name ( ) cS 
* | Customer S SS 
” Oo 
Date pa 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM 1 | | ft | (hexadecimal notation) 
EPROM type 
L] 27256 [J 27512 


Area for ASCII Area for ASCII 
codes of the name codes of the name 
of the product of the product 
‘M37424M8—’ ‘M37424M8—'’ 





(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000016 00081. 
the product ‘M37424M8—’ to addresses 0000i¢ to 000146 000916 
Q00Fi¢. ASCII codes ‘M37424M8—’ are listed on 000216 000Ai¢ 
the right. The addresses and data are in hexade- 000316 000Bi6 
cimal notation. 000416 000Ci¢ 
000546 000D1¢ 
000616 000E16 
000716 000F 16 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37424M8-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


* = A$8000 * = 4 $0000 
The pseudo-command 
BYTES ‘M37424M8—’ 


BYTES ‘M37424M8—’ 
This is an example when the start address of internal ROM is C0004¢. 









* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37424M8-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—53A < 04A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP MICROCOMPUTER M37524M4-XXXSP 


MITSUBISHI! ELECTRIC : 


ae 


Note : Please fill in all items marked>x. 









Submitted by 

















Company 
name 





. TEL 
)| 8s 
pm | 
*x | Customer ow 
2 Cc 
Date . 8 2 
issued Date - 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMsS are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM rae (hexadecimal notation) 
EPROM type 
L] 27256 [J] 27512 


Area for ASCII Area for ASCII 
codes of the name codes of the name 
of the product of the product 
‘M37524M4—’ ‘M37524M4—’ 





ROM(16K) ROM(16K) 











(1) Set “FF,.” in the shaded area. Address Address 

(2) Write the ASCII codes that indicates the name of 0000:. 000816 "=2 Dag 
the product ‘M37524M4—’ to addresses 0000; to 000146 00094. 
Q00F is. ASCII codes ‘M37524M4—’ are listed on 000216 000Ai¢ 

the right. The addresses and data are in hexade- 000316 000Bi6 
cimal notation. 000416 000Ci¢ 
000516 000D46 

000616 000E16 

000716 000F 16 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP MICROCOMPUTER M37524M4-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27256 





*=A$8000 * =A$0000 
The pseudo-command 
.BYTEA ‘M37524M4—’ BYTEA 'M37524M4—’ 


This is an example when the start address of internal ROM is C000j4.. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37524M4-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





MARK SPECIFICATION FORM 

The mark specification form varies depending on the pack- 
age type. Fill out the mark specification form for the pack- 
age being ordered, and submit the form with the mask 
ROM confirmation form. 
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MARK SPECIFICATION FORM 





32P4B (32-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


Mitsubishi lot 
number (6-digit) 


Mitsubishi IC catalog name 





B. Customer's Parts Number + Mitsubishi Catalog Name 


QCIF ififififififisifififi fir if) @ 


A 
Mitsubishi lot 
number (6-digit) 


QUUYUUUUUUUUUOUUOUUOU UU} 
Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer’s parts number can be up to 16 characters : 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), and , (comma) are usable. 
4: lf the Mitsubishi logo “4. is not required, check the box on the right. a. Mitsubishi logo is not required 


-~- Customer's parts number 
Note: The fonts and size of characters 
are standard Mitsubishi type. 


I~ 


———-- Mitsubishi IC catalog name 





C. Special Mark Required a 





Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2:\lf the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font ariginal (ideally logo drawing) must be submitted. 
Special logo required 


|_| 


The standard Mitsubishi font is used for all characters except for a logo. 
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42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


AO OOOO OOOO 1 @ 


Mitsubishi lot 
number (6-digit) 


7--~ Customer’s parts number 
_1 Note:The fonts and size of characters 


are standard Mitsubishi type. 
——-— Mitsubishi IC catalog name 


Mitsubishi lot 
number (6-digit) 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer’s parts number can be up to 15 characters - 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), and , (comma) are usable. 
4: \f the Mitsubishi logo %& is not required, check the box on the right. «Mitsubishi logo is not required 


C. Special Mark Required || 





Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2:\f the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 
The standard Mitsubishi font is used for all characters except for a logo. ] 
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44P6N (44-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 
G3) 


Mitsubishi lot : : oes 
number (6-digit)| [ET ~ Mitsubishi IC catalog name 


=3@2 ;} Note:The fonts and size of characters are standard 
: Mitsubishi type. 


-— Mitsubishi |C catalog name and Mitsubishi lot number 


‘ 


Seige 


Note4: If the Mitsubishi logo *% is not required, check 
the box below. 
a. Mitsubishi logo is not required 


[| 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard 
Mitsubishi type. 
3: Customer's parts number can be up to 7 charac- 
ters ; 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 


and , (comma) are usable. Note1 : If the special mark is to be printed, indicate the 


C. Special Mark Required desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2: lf the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 


mitted. 
Special logo required 


i 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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50P6 (50-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


Mitsubishi IC catalog name 





B. Customer's Parts Number + Mitsubishi r- —-— Customer’s parts number 

Catalog Name | Note: The fonts and size of characters are standard 
Mitsubishi type. 
| --—- Mitsubishi IC catalog name 
| 
| 
| 
| 
| 


Note1 : The mark field should be written right aligned. 

2:The fonts and size of characters are standard 
Mitsubishi type. 

3: Customer’s parts number can be up to 9 charac- 
ters : 
Only 0~9, A~Z, +, —, 7%, (, ), & ©, . (period), 
and , (comma) are usable. 

4:|f the Mitsubishi logo A& is not required, check 
the box below. 

# Mitsubishi logo is not required 


Es 


C. Special Mark Required ' Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 





SE 8 layout will be duplicated as close as possible. 
GDH HAE AAA HAA HAA @ Mitsubishi lot number (6-digit) and mask ROM 
EE EE EE ® tie 
nl Ee number (3-digit) are always marked. 
—o == 2:\f the customer’s trade mark logo must be used 
es —— in the special mark, check the box below. 
os ee I Please submit a clean original of the logo. 
——— = For the new special character fonts a clean font 
re om on original (ideally logo drawing) must be sub- 
San ee a =n on ee : 
1 on oe ene mitted. 
— a I Special logo required 
© Todo sooo. © 
@OOOGAAnOnannote@ 
JUUUU UU UUUUUUL 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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52P4B (52-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


@annnnnnnnnnnnnnnnnnnnnnnann @ 


Mitsubishi lot number (6-digit) 


qm UUUUUDUDUUUUUUUUO JUUUUY @& 





B. Customer's Parts Number + Mitsubishi Catalog Name 


@ NAO NANANNANANANAANAANNNAAANAN ® — ~ customer's parts number 


EE eee apoio nab cele i caeaet __ | Note: The fonts and size of characters 
a are standard Mitsubishi type. 


— — -- Mitsubishi IC catalog name 
Mitsubishi lot number (6-digit) 


® VUUUUNDUUUUUUUUUUUUUU UU @ 


Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 18 characters - 
Only 0~9, A~Z, +, —, 7, (, ), & ©, - (period), and , (comma) are usable. 
4: If the Mitsubishi logo % is not required, check the box on the right. #. Mitsubishi logo is not required 









C. Special Mark Required 


® qannnnnnnnannnnannnnnnnnannannan @ 





MUUUNUUUUUUUUUUUUUUUUUUNQUUU @ 


Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 


be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 


2: \If the customer's trade mark loge must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 


For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 


The standard Mitsubishi font is used for all characters except for a logo. || 
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S6P6N (56-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


aciee 
it) 


Mitsubishi lot : 
number (6-dig r - Mitsubishi IC catalog name 


-- Customer’s parts number 
; Note: The fonts and size of characters are standard 
| Mitsubishi type. 


- — Mitsubishi IC catalog name and Mitsubishi lot number 


mJ Note4: If the Mitsubishi logo * is not required, check 
the box below. 
# Mitsubishi logo is not required 


|_| 





Note1 : The mark field should be written right aligned. 


2: The fonts and size of characters are standard 5: Arrangement of Mitsubishi IC catalog name and 
Mitsubishi type. Mitsubishi lot number is dependent on number 
3: Customer’s parts number can be up to 11 char- of Mitsubishi IC catalog name and that Mitsu- 
acters : bishi logo *& is required or not. 
Only 0~9, A~Z, +, —, 7, (, ), & ©, « (period), 
and , (comma) are usable. Note1 : If the special mark is to be printed, indicate the 


desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2:|f the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 


C. Special Mark Required 


Special logo required 


x 


The standard Mitsubishi font is used for al! char- 
acters except for a logo. 








MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





mark (if needed). 


A. Standard Mitsubishi Mark 


B. Customer’s Parts Number ++ Mitsubishi 


Catalog Name 


C. Special Mark Required 


Mitsubishi Jot 


number (6-digit 


Mitsubishi lot 
number (6-digit) 


60P6 (60-PIN QFP) MARK SPECIFICATION FORM 


Please’ choose one of the marking types below (A, B, C), and enter the Mitsubishi 1C catalog name and the special 








QNONNN0000000002 
@® atobels etstobaletotalutala 7) 
@ “QWHHHEEHHHHHuHEE 

oO) q5 


5—/6 


-~—-— Mitsubishi |C catalog name 


---—-Customer’s Parts Number 
Note: The fonts and size of characters are standard 
Mitsubishi type. 


Note1: 


Note1: 


The mark field should be written right aligned. 


| 
| 
| 
| ---Mitsubishi IC catalog name 
| 
| 
| 
| 


: The fonts and size of characters are standard 


Mitsubishi type. 


: Customer’s parts number can be up to 12 char- 


acters : 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. 


:If the Mitsubishi logo ”& is not required, check 


the box below. 
# Mitsubishi logo is not required 


* 


lf the Special Mark is to be printed, indicate the 
desired layout of the mark’ in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


: If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


|_| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 


ae ERS 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


@ NNNHnnnnnnnonnAnononnnnnnnAnnAANANN ® 


Mitsubishi lot 
number (6-digit) 


Mitsubishi IC catalog name 





® VUUOUUODU UU UU UD UO | 


B. Customer’s Parts Number + Mitsubishi Catalog Name 
r-—-— Customer's parts number 


Note : The fonts and size 
of characters are 
standard Mitsubishi 


type. 
— — ——~~-" Mitsubishi 1C catalog name 






@ NOOOnnnnntonnAnnnANnANnNnNAAgAnN & 


Mitsubishi lot 
number (6-digit) 
@ UUNDOUUDOUUU OU 
Note1 : The mark field should be written right aligned. 


2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 19 characters : 


Only O~9, A~Z, +, —, 7, (, ), & ©, . (period), and , (comma) are usable. 
4: lf the Mitsubishi logo *. is not required, check the box on the right. # Mitsubishi logo is not required 


82) 


C. Special Mark Required | 





Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2:\f the customer’s trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 


The standard Mitsubishi font is used for all characters except for a logo. | | 





¢ MITSUBISHI 5—77 
ELECTRIC 





B. Customer's Parts Number + Mitsubishi Catalog Name, 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 


64P6N (64-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 








Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard 


Mitsubishi type. (The character size became 
smaller than A (standard Mitsubishi mark) type) 


C. Special Mark Required 


‘5—78 


 MHAAARAARAAARRARR® 
@ mim 


Mitsubishi |C catalog name 


--- Customer's parts number 
Note: The fonts and size of characters are standard 


Mitsubishi type. 


~ Mitsubishi IC catalog name 


Note3 : Customer's parts number can be up to 10 char- 


acters : 
Only 0~9, A~Z, +, —, %, (, ), & ©, . (period), 
and , (comma) are usable. 


:If the Mitsubishi logo “” is not required, check 


the box below. 
# Mitsubishi logo is not required 


bid 


: Arrangement of Mitsubishi IC catalog name and 


Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo # is required or not. 


Note1 : If the special mark is to be printed, indicate the 


desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 

“number (3-digit) are always marked. 

: If the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


|_| 


. The standard Mitsubishi font is used for all char- 


acters except for a logo. 


MITSUBISHI 


| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P6S (64-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


Mitsubishi lot : ja Mitsubishi IC catalog name 
number (6-digit) 





B. Customer’s Parts Number + Mitsubishi 


poss Customer's Parts Number 
Catalog Name 


Note: The fonts and size of characters are standard 
Mitsubishi type. 


| 

| 

| 

7 ‘ae Mitsubishi IC catalog name and Mitsubishi lot number 
{ | 


Note3 : Customer’s parts number can be up to 11 char- 
acters : 





| 
= Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 
Mitsubishi lot | and , (comma) are usable. 
number (6-digit) oo 4:\f the Mitsubishi logo % is not required, check 
the box below. 
a Mitsubishi logo is not required 
Note1 : The mark field should be written right aligned. | | 

2:The fonts and size of characters are standard 5: Arrangement of Mitsubishi IC catalog name and 


Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo #& is required or not. 


Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 


C. Special Mark Required Note1 : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
GOHHHHAHHAHAHARHHAAH® layout will be duplicated as close as possible. 





Mitsubishi lot number (6-digit) and mask ROM 

= number (3-digit) are always marked. 

= 2:\f the customer's trade mark logo must be used 

— in the special mark, check the box below. 

= = Please submit a clean original of the logo. 
me For the new special character fonts a clean font 
z = original (ideally logo drawing) must be sub- 
, 7 mitted. 

HEBBHBCHUHUBBEEHE® * Special logo required 


|_| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 





MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P6W (64-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). : 


A. Standard Mitsubishi Mark 


Mitsubishi IC catalog name 





B. Customer's Parts Number + Mitsubishi Catalog Name 


----- Customer’s parts number 
| Note: The fonts and size of characters are standard 


| Mitsubishi type. 
--— Mitsubishi IC catalog name 





foS_ J Notes: 


Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard 


Mitsubishi type. 


C. Special Mark Required 


i) 
G2) 


6) “Tt 
i 


Note1: 


Customer’s parts number can be up to 12 char- 
acters . 

Only 0~9, A~Z, +, —, 7%, (, ), & ©, « (period), 
and , (comma) are usable. 


-If the Mitsubishi logo ”& is not required, check 


the box below. 
# Mitsubishi logo is not required 


|| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


If the customer's trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


[| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 


¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





72P6 (72-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 








A. Standard Mitsubishi Mark 










= — ———-——_-- Mitsubishi IC catalog name 
= Mitsubishi lot == 
= number (6-digit)] Fax 
@ @2) 


B. Customer’s Parts Number ++ Mitsubishi 


- ~~~ Customer’s parts number 
Catalog Name 


Note: The fonts and size of characters are standard 
Mitsubishi type. 
7-—-—Mitsubishi IC catalog name 


| 
| 
| 
| 
| 
| 
| 
| 


Mitsubishi lot 
number (6-digit) 





Note: 
2 


32 


Note1 : 


The mark field should be written right aligned. 


: The fonts and size of characters are standard 


Mitsubishi type. 

Customer’s Parts Number can be up to 12 char- 
acters : 

Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. 


:If the Mitsubishi logo % is not required, check 


the box below. 
#. Mitsubishi logo is not required 


bal 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


- If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 
The standard Mitsubishi font is used for all char- 
acters except for a logo. 





oe ae 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





80P6 (80-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 


mark (if needed). 


A. Standard Mitsubishi Mark 


Mitsubishi lot 


number (6-digit) 





Note : The 


Mitsubishi lot 
number (6-digit) 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard 
Mitsubishi type. 


C. Special Mark Required Note] : 


SONDNNDDADADOADARANAAARBAR® 
a 









“A ELECTRIC 


Note: 


Mitsubishi IC catalog name 


--~-- Customer’s parts number 


fonts and size of characters are standard 


| 
| 
: Mitsubishi type. 
= ,- Mitsubishi IC catalog name 


Customer’s parts number can be up to 14 char- 
acters : 

Only O~9, A~Z, +, —, 7%, (, ), & ©, . (period), 
and , (comma) are usable. 


:If the Mitsubishi logo ”& is not required, check 


the box below. 
a. Mitsubishi logo is not required 


|_| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


-If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


ad 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 


MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





8OPGN (80-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A..Standard Mitsubishi Mark 


Mitsubishi lot 
number (6-digit) 





-—-—-—- Customer’s parts number 


Note1 : The mark field should be written right aligned. 


2:The fonts and size of characters are standard 


Mitsubishi type. 


C. Special Mark Required 


Note: The fonts and size of characters are standard 


Mitsubishi type. 


;-—- Mitsubishi IC catalog name 


Note3 : Customer’s parts number can be up to 14 char- 


acters - 
Only 0~9, A~Z, +, —, 7%, (, ), & ©, « (period), 
and , (comma) are usable. 
-If the Mitsubishi logo ”# is not required, check 
the box below. 
a Mitsubishi logo is not required 


Note1 : If the special mark is to be printed, indicate the 


desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

: If the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 





ate MTsuBSH 7 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





80P6S (80-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standar 


B. Customer's Parts Number + Mitsubishi 
Catalog Name 








Mark 


—- 2 


Mitsubishi 
| 


Mitsubishi lot 
number (6-digit) 


Mitsubishi lot 
number (6-digit) 


Note1 : The mark field should be written right aligned. 


C. Special Mar 


2:The fonts and size of characters are standard 


Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 


Required 


Oo xX 


[~ —— — Customer's parts number 
| 
| 
| 
| 
| 
| 
ad 


Note: The fonts and size of characters are standard 
Mitsubishi type. 
r-— — Mitsubishi IC catalog name 


Note3 : Customer’s parts number can be up to 10 char- 
acters - 
Only O~9, A~Z, +, —, 7, (, ), & ©, . (period), 


Note1 


and , (comma) are usable. 


:If the Mitsubishi logo & is not required, check 


the box below. 
# Mitsubishi logo is not required 


i: 


: Arrangement of Mitsubishi IC catalog name and 


Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo ” is required or not. 


: If the special mark is to be printed, indicate the 


desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


: If the customer's trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 


Special logo required || 


The standard Mitsubishi font is used for all char- . 
acters except for a logo. 


MITSUBISHI 





ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





84P0 (84-PIN PLCC) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


¢— — — — ———-—-— Mitsubishi IC catalog name 


Mitsubishi lot 
number (6-digit) 





--—- Customer's parts number 
B. Customer’s Parts Number + Mitsubishi Catalog Name! Note:The fonts and size of characters are standard 
Mitsubishi type. 
-Mitsubishi IC catalog name 


Note3 : Customer's parts number can be up to 16 char- 
acters : 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. 
4:lf the Mitsubishi logo A is not required, check 
the box below. 
# Mitsubishi logo is not required 


= 


5: Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi 1C catalog name and that Mitsu- 
bishi logo * is required or not. 


ene perry ee 
SS ee Sey 


OT 





Note1 : The mark field should be written right aligned. 
2:The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) Note1 : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
wy Oe ® Mitsubishi lot number (6-digit) and mask ROM 

number (3-digit) are always marked. 

2: \f the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 


C. Special Mark Required 


Special logo required 


|_| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 





¢ MITSUBISHI 5—85 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





100P6S (100-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


Note1 : The mark field should be written right aligned. © 
2:The fonts and size of characters are standard 


@) ef) 


sang 


CD) 


8) 


Mitsubishi lot 
number (6-digit) 


Mitsubishi type. 
C. Special Mark Required 





80 GD 
ABER 99 BBGBBBRE 
TEEHPEsu UTE OPPO 
© 














r- —--—Customer’s parts number 


Note: The fonts and size of characters are standard 
Mitsubishi type. 


Notes: 


Note1: 


;--- Mitsubishi IC catalog name 
| 


Customer’s parts number can be up to 14 char- 
acters - 

Only 0~9, A~Z, +, —, 7, (, ), & ©, « (period), 
and , (comma) are usable. 


:If the Mitsubishi logo “”% is not required, check 


the box below. 
# Mitsubishi logo is not required 


[| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


: If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


[| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 


Jess 


CONTACT ADDRESSES FOR FURTHER INFORMATION 





JAPAN 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 
Telephone: (03) 3218-3473 

(03) 3218-3499 
Facsimile: (03) 3214-5570 


Overseas Marketing Manager 
Kita-itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile. (0727) 72-2329 


HONG KONG 

Mitsubishi Electric (H.K ) Ltd. 

41st fl., Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 

Telex: 60800 MELCO HX 

Telephone’ 510-0555 

Facsimile. 510-9830, 510-9822, 
510-9803 


SINGAPORE 


MELCO SALES SINGAPORE PTE, 


LTD. 

307 Alexandra Road #05-01/02 
Mitsubishi Electric Building 
Singapore 0315 

Telex: RS 20845 MELCO 
Telephone: 4732308 
Facsimile: 4738944 


TAIWAN 

MELCO-TAIWAN CO., Ltd. 
1st fl., Chung-Ling Bldg , 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 


Telex: 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 

San Diego, CA 92128 

Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone: (303) 740-6775 
Facsimile’ (303) 694-0613 


SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 

Torrance, CA 90502 

Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone: (214) 484-1919 
Facsimile’ (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 

Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 

Mt. Prospect, IL 60056 

Telephone: (312) 298-9223 
Facsimile. (312) 298-0567 


NORTHEAST 

Mitsubishi Electronics America, Inc 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Bivd., Suite 300 
Morrisville. NC 27560 

Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile’ (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc 
300 March Road, Suite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone’ (416) 670-8711 
Facsimile: (416) 670-8715 


GERMANY = 

Mitsubishi Electric Europe GmbH 
Headquarters 

Gothear Str 8 

4030 Ratingen 1, Germany 
Telex: 8585070 MED D 
Telephone (02102) 4860 
Facsimile: (02102) 486-115 


Munich Office. 
ArabellastraRe 31 

8000 Munchen 81, Germany 
Telex: 5214820 
Telephone: (089) 919006-09 
Facsimile: (089) 9101399 


FRANCE 

Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone’ 47087871 
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